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inated by Pacesetter. Today, the company is the recognized 


world leader in dual-chamber technology. 

Acclaimed for their user simplicity combined with 
unparalleled diagnostic and programming flexibility, 
Pacesetters DDDR and DDD pacing systems compose 
more than 50 percent of the company’s pulse generator 
product sales, 

Now, Pacesetter prepares to introduce another break- 
through in telemetry and programming technology. 
Expanded information 
stored on the tiny micro- 
chip of Synchrony” and 
Synchrony” II DDDR and 
Solus” SSIR pulse genera- 
tors will soon be available 
to the clinician through 
new analytical and statis- 
tical software* This 
information, unattainable with any other pacing system, 
will markedly enhance the physicians diagnostic and 
therapy options. 

Technological innovation in design and manufacture 


isa hallmark of Pacesetter and its parent organization, 
Siemens, one of the world’s largest electronics manufac- 
_ turers. Pacesetter is known for product and process designs 


that address the users clinical needs, meet the exacting 
requirements of a sophisticated manufacturing operation 
and yield a consistently reliable product.” 

Superior design is the direct result of Pacesetter’s 
determination to maintain the finest Research and Devel- 
opment function in the industry. Its highly skilled engi- 
neering staff holds a large number of significant patents— 
two Pacesetter officers together have 26 patents! 

This technological leadership clearly accounts for the 
company’s steady 20-22 percent annual growth rate over 
the last five years. 
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Pacesetters continued success also results from the 
strength of its human resources. Company founder Alfred 
E. Mann remains actively involved as President and Chief 
Executive Officer. 

Medical consultation related to cardiac rhythm man- 
agement is always available from Vice President and 
Medical Director, Paul A. Levine, M.D, a recognized 
expert in the field. 
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Wy Pacesetter” Systems, Inc. 
A Siemens Company 
12884 Bradley Avenue 
Sylmar, CA 91342 
1 800 777-2237 
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-or training support and information on any aspect of 
device therapy, the company has assembled an outstanding 
group of field clinical engineers, nurse specialists and tech- 
nical service representatives. Most of these individuals 
have successfully completed the NASPE examination for 
associated professionals.** 

The highly 
skilled group of 
sales consultants 
who represent 
Pacesetter are 
undoubtedly the 
most experienced 
and knowledge- 
able in the indus- 
try. Many have 
also completed 
the NASPE exam. Their dedication to customer service 
includes 24-hour-a-day availability, 365 days a year. 
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Each year, Pacesetter sponsors numerous educational 
and technical training programs for over 4,000 medical 
professionals. Taught by leading physicians from the U.S. 
and abroad, these seminars consistently receive high marks 
for their relevance to the clinical management of patients 
with cardiac rhythm disorders. 

Through its Educational Grant Committee, Pacesetter 
supports numerous educational programs and meetings 
around the world. And, at its new facility, due to open in 
early 1992, the company is constructing a 5,200-square-foot 
theater and education center designed specifically for 
interactive medical seminars. 

For all-around excellence—for education, service, 
therapy information and advanced technology, for the ` 
broadest range of products to meet every patient require- 
ment—turn to Pacesetter Systems, Inc. 





The commitment to excellence is more than symbolic. 


Haggarty J]. Health and medicine: advanced pacemaker, NASA Spinoff 1990 

2. Weinberg A. Hybrid substrates for heart pacemakers, Hybrid Circuit 
Technology June 1991; 26-30 

3. Carbone J et al. Buying parts for pacemakers: a life and death matter. 
Electronics Purchasing July 1990; 38-40. 

* Pending FDA approval 
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The Network News. 


Efficiency. 
It’s the goal of every cath lab. 


Yet, often it’s an unattainable goal. 
Because no matter how advanced 
your recording and monitoring 
equipment, it doesn’t do you a 
bit of good if you can’t quickly 
retrieve a patient’s data. 

That’s why more and more 
doctors and technicians are dis- 
covering the advantages a cath 
lab network has to offer. 


They’re discovering it’s a far 
more efficient way to operate. 


Introducing the Q-cath™ 
networking option. 

All Q-cath systems are now being 
offered with a local area network option. 


That means your cath lab can benefit from improved 

accessibility of patient data, 

increased storage space for that 

data, and a main Q-cath unit 

that’s not tied up performing 
review and analysis. 








_ How the network works. 
d is The heart of the system 
is a dedicated, IBM®-compatible, 


386-based file server. 
It acts as the “hub” of the Q-cath network by 


handling all centralized data storage. Once data is trans- 
ferred to the server, it can be accessed by any remote 
workstation or main Q-cath unit plugged into the network. 


All Q-cath units and workstations on the network 
can also access a shared network tape drive and laser 
printer. 


So what? 
So plenty. 


Because of the central file server configuration, all 
data is accessed much more easily. 


From many more places. 


Analysis of any patient’s data can be done from any 
location (either a workstation or main unit), anywhere on 
the network. 


* IBM is a registered trademark of International Business Machines. 
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The file server also comes with Se 

a large capacity hard disk for storing l 
patient data. 


What’s more, because review ` 
and analysis can be performed at ` 
any workstation, the main Q-cath ` 


kb 


unit remains free to perform ` 


more cath lab tests. pe 

S 

The other reasons for a 

picking Q-cath are still 

there too. 7 

: All the features that have 
DIGITIZING TABLET | built the Q-cath reputation id 


over the years are still included 
in every Q-cath system. 


GE Ni; d 


Features like a convenient 
touch screen that provides quick, 

easy access to commonly-used functions; 
user-programmable procedures that allow you to run an 
entire case by pressing one button; a high-resolution chart 
recorder that prints waveform graphics and text on in- 
expensive, non-fade paper; and the unique Q-cath 
method of signal conditioning that minimizes 
baseline drift and improves overall signal fidelity. 


Sé 
Kin DH 


ECK, Ais 


K 


ey 


CoN 
E? 


| 








You’ve got our number. 
For more on how 
to take advantage of all 
that a Q-cath local area 
network has to offer, give 


us a call toll free. 


2121 Terry Avenue; Seattle, WA 98121-2791 e? 
Telex 3794094 QUINTON SEA; FAX 206/223-8465 ` 
USA 800/426-0347 Canada 800/633-2888 q 
INTERNATIONAL SALES i 

Latin America and Asia-Pacific: Telephone: 206/223-7373, FAX 206/467-8326 


Europe/Lode BV. , The : Telephone: 31-050-712811, FAX 31-050-716746 
Middle East/Dubai, U.A.E.: Telephone: 971-4-511491, FAX 971-4-515741 


Australia: Telephone: 61-02-899-5055, FAX 61-02-680-3274 
Quinton 


instrument co. 
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Relation Between Acute Ventricular Arrhythmias, Ventricular 
Late Potentials and Mortality in Acute Myocardial Infarction 
Ma Hong, Thomas Peter, Werner Peters, Fang Z. Wang, Yuxu Xiu, Carol 
Vaughn, and Eli S. Gang 


The relation between ventricular late potentials and acute ventricular 
tachycardia /fibrillation was studied in 281 survivors of uninterrupted 
acute myocardial infarction. The prevalence of late potentials was signifi- 
cantly higher in patients with than without ventricular tachycardia /fibril- 
lation, and the incidence of ventricular tachycardia /fibrillation was higher 
among patients with late potentials. Patients with left bundle branch block 
were included in the study, although the definition of late potentials was 
modified in these cases. Multivariate analysis showed that late potentials 
and peak creatine kinase level were independently associated with early 
ventricular tachycardia /fibrillation. In-hospital mortality was significant- 
ly higher in the group with ventricular tachycardia /fibrillation, but 1-year 
mortality rates did not differ between the 2 groups. It is concluded that: 
(1) Late potentials are closely related to ventricular tachycardia /fibrilla- 
tion in hyperacute and acute phases of infarction. (2) Presence of LBBB 
does not mitigate against the finding of late potentials in these patients. (3) 
Early ventricular tachycardia /fibrillation in acute infarction is related to 
large infarcts and a higher in-hospital mortality. 
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Importance of Myocardial Infarct Artery Patency on the 
Prevalence of Ventricular Arrhythmia and Late Potentials 
After Thrombolysis in Acute Myocardial Infarction 

Frank V. Aguirre, Morton J. Kern, Judith Hsia, Harvey Serota, Denise 
Janosik, Terry Greenwalt, Allan M. Ross, and Bernard R. Chaitman 


Sixty-one patients with acute myocardial infarction who received intrave- 
nous recombinant tissue-type plasminogen activator, aspirin or heparin 
within 6 hours of symptom onset were studied to determine if early and 
sustained infarct artery patency after intravenous thrombolytic therapy 
influences myocardial electrical stability. Forty-eight patients (79% ) had 
a patent infarct-related vessel and 13 (21%) patients had an occluded 
vessel. The mean number of ventricular premature beats per hour (p 
<0.01) and late potential activity (p <0.03) were significantly higher in 
patients with an occluded versus patent infarct-related vessel. These data 
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suggest that successful thrombolysis decreases the prevalence of ventricu- 
lar ectopic activity and late potentials in the early postinfarction phase. 
The reduction in both markers of electrical instability may help explain 
why the prognosis after successful thrombolysis is improved after acute 
myocardial infarction. 
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Usefulness of QRST Time-integral Values of 12-Lead 
Electrocardiograms in Diagnosing Healed Myocardial 
Infarction Complicated by Left Bundle Branch Block 
Masayoshi Adachi, Hiroshi Hayashi, Makoto Hirai, Yasushi Tomita, 
Yoshio Ichihara, Akira Suzuki, Kazumasa Kondo, Haruo Inagaki, and 
Hidehiko Saito 


We determined whether QRST time-integral values of 12-lead electrocar- 
diograms would be useful in diagnosing myocardial infarction complicat- 
ed by left bundle branch block. We calculated QRST time-integral values 
in each lead point of 12-lead electrocardiograms. The presence of myocar- 
dial infarction in patients with left bundle branch block was diagnosed 
with a high sensitivity and specificity by using QRST time-integral values 
in 12-lead electrocardiograms. With regard to localization of the myocar- 
dial infarction, the QRST time-integral values of precordial leads were 
useful in diagnosing an anterior myocardial infarction. However, it was 
difficult to localize an inferior myocardial infarction by using QRST time- 
integral values of inferior leads. This study demonstrates the practical 
usefulness of QRST time-integral values of 12-lead electrocardiograms in 
diagnosing myocardial infarction in the presence of left bundle branch 
block. 


pig EE ES EEE TEI ET WD eRe AEE SES Oe TH 
Effects of High-Density Lipoprotein on Acetyicholine-Induced 
Coronary Vasoreactivity 

Frederick E. Kuhn, Emile R. Mohler, Lowell F. Satler, Kathleen Reagan, 
David Y. Lu, and Charles E. Rackley 


The relation between serum lipoproteins and acetylcholine-induced coro- 
nary vasoreactivity was investigated in patients (n = 27) undergoing coro- 
nary arteriography. The endothelium-dependent vasodilator acetylcholine 
reduced the diameter of both angiographically smooth (13 + 4%, p <0.05 
vs baseline) and diseased (19 + 4%, p <0.05 vs baseline) coronary seg- 
ments. A positive correlation was observed between high-density lipopro- 
tein (HDL) cholesterol and normal response to acetylcholine in both 
angiographically smooth (r = 0.59, p <0.001) and diseased (r = 0.62, p 
<0.02) segments. However, no significant correlation was observed be- 
tween total and low-density lipoprotein cholesterol, or between the total 
cholesterol to HDL ratio and the response of coronary artery diameter to 
acetylcholine infusion. These findings suggest that HDL cholesterol pro- 
motes normal endothelial cell function in both normal and atherosclerotic 
coronary segments. 
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Effects of Serum Lipid Levels on Restenosis After Coronary 
Angioplasty 

Gregg J. Reis, Richard E. Kuntz, David |. Silverman, and 

Richard C. Pasternak 


Serum lipid levels were measured prospectively in 186 patients who under- 
went successful coronary angioplasty. Fifty-nine patients (32% ) developed 
clinical restenosis confirmed by angiography. Lipid levels were an inde- 
pendent predictor of restenosis. Patients with restenosis had higher base- 
line cholesterol/high-density lipoprotein (HDL) ratios and triglyceride 
levels. Among 90 patients with repeat lipid levels 6 months after angio- 
plasty, significantly lower HDL cholesterol levels and higher choles- 
terol/HDL ratios were noted in patients with restenosis. The median 
follow-up cholesterol/HDL ratio of 5.5 divided groups with restenosis 
rates of 24% (ratio <5.5) and 55% (ratio >5.5). These data suggest that 
serum lipid levels are associated with the risk of clinical restenosis after 
angioplasty. 


1436 
Rationale and Design of a Secondary Prevention Trial of 
Lowering Normal Plasma Cholesterol Levels After Acute 
Myocardial Infarction: The Cholesterol and Recurrent Events 
Trial (CARE) 

Frank M. Sacks, Marc A. Pfeffer, Lemuel Moye’, Lisa E. Brown, Peggy 
Hamm, Thomas G. Cole, C. Morton Hawkins, and Eugene Braunwald 





Recent clinical trials of primary and secondary prevention of cardiovascu- 
lar disease have demonstrated that lowering plasma cholesterol decreases 
the incidence of coronary heart disease in patients with elevated plasma 
cholesterol. However, as reviewed in this article, it is not known whether 
patients with established coronary artery disease and normal plasma cho- 
lesterol can be benefited. The Cholesterol and Recurrent Events trial is 
testing whether pravastatin, a hydroxymethylglutaryl coenzyme A reduc- 
tase inhibitor, will decrease the sum of fatal coronary heart disease and 
nonfatal myocardial infarction in patients who have recovered from myo- 
cardial infarction and who have normal plasma levels of total cholesterol 
(<240 mg/dl) and low-density lipoprotein cholesterol (115 to 174 
mg/dl). The trial is enrolling 4,000 men and women from 80 centers 
throughout North America. The average duration of follow-up will be =>5 
years. 
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Causes and Correlates of Death After Unsupported Coronary 
Angioplasty: Implications for Use of Angioplasty and Advanced 
Support Techniques in High-Risk Settings 

Stephen G. Ellis, Richard K. Myler, Spencer B. King Ill, John S. Douglas, 
Jr., Eric J. Topol, Richard E. Shaw, Simon H. Stertzer, Gary S. Roubin, 
and Mary C. Murphy 


To better understand the factors predisposing a patient to death after 
elective percutaneous transluminal coronary angioplasty (PTCA) and to 
gain insight into indications for high-risk PTCA both with and without 
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adjunctive use of support devices, the outcomes of 8,052 consecutive 
procedures were reviewed. Cardiac death occurred after 26 procedures 
(0.3%). Left ventricular failure due to vessel closure at the dilated site, the 
most common cause of death, was independently correlated with female 
gender (p <0.001), a “jeopardy score” (p <0.001) and PTCA of a 
proximal right coronary artery site (p = 0.002), but not with left ventricu- 
lar ejection fraction or presence of multivessel disease. Right ventricular 
failure after closure of the proximal right coronary artery, and left main 
coronary dissection accounted for the majority of the remaining deaths. 
These data highlight the superiority of the jeopardy score versus ejection 
fraction in the determination of risk and provide a framework for rational 
use of PTCA and support devices in the high-risk setting. 


UL ee de A ds POM Di as IPR Arta E AAT PRT A E 
Value of Transesophageal Echocardiography During Complex 
or High-Risk Coronary Interventions in the Cardiac 
Catheterization Laboratory 

Gregory S. Pavlides, Andrew M. Hauser, Patricia |. Dudlets, Steven L. 
Almany, Cindy L. Grines, and William W. O'Neill 


The feasibility and value of transesophageal echocardiography (TEE) 
during complex or high-risk coronary intervention was studied in 53 cases. 
The primary imaging goals were left ventricular monitoring in 39 patients 
(74%), left main coronary artery (LMCA) imaging in 9 patients (17%) 
and both in 5 patients (9%), and these were achieved in 51 patients (96%). 
Left ventricular monitoring was accomplished in 43 patients. In 25 (58%) 
of these, important observations were provided by TEE, which were not 
apparent by symptoms, or hemodynamic, electrocardiographic and radio- 
graphic monitoring. Management of the interventional procedure was 
influenced by TEE in 11 patients (26%). In 11 of the 13 patients whose 
LMCA was visualized, stenotic lesion diameter by TEE correlated well 
with quantitative angiography both before (r = 0.83, standard error of the 
estimate = 0.01, p <0.002) and after (r = 0.80, standard error of the 
estimate = 0.03, p <0.005) intervention. Thus, TEE during complex or 
high-risk coronary intervention is a feasible, safe and valuable tool for 
rapid detection of altered myocardial function and may influence clinical 
decision making during the interventional procedure. In patients undergo- 
ing LMCA intervention, TEE accurately measures stenotic lesion diame- 
ter, providing a potential noninvasive means for future follow-up. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1458 

Effects of Cardiac Denervation on Atrioventricular Nodal 
Accommodation and Hysteresis 

Bryan E. Fuhs and Kenneth A. Ellenbogen 


Atrioventricular (AV ) nodal accommodation (the time-dependent change 
in AV nodal conduction after a sudden change in atrial pacing cycle 
length) and AV nodal hysteresis (the asymmetry of AV nodal accommo- 
dation following directionally opposite atrial pacing cycle length changes) 
have been well characterized in humans. To determine if cardiac trans- 
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plantation alters AV nodal accommodation and hysteresis, the responses 
of 13 patients after orthotopic cardiac transplantation were compared 
with responses in 12 control patients. The cardiac transplant patients 
demonstrated 1.5 + 1.3 beats of hysteresis, and the control patients 2.1 + 
1.4 beats (p = not significant). Cardiac transplant and control patients 


behaved in a similar fashion, suggesting that neural influences at rest are 
not primarily responsible for AV nodal accommodation. 


CONGESTIVE HEART FAILURE 


A ee SMe «et EE E EE EE 
Initial Blood Pressure Response to Enalapril in Hospitalized 
Patients (Studies of Left Ventricular Dysfunction [SOLVD]) 
William B. Hood, Jr., Marston Youngblood, Jalal K. Ghali, Marette Reid, 
William J. Rogers, Donna Howe, Koon K. Teo, and Thierry H. LeJemtel, 
for the SOLVD Investigators 


Studies of Left Ventricular Dysfunction (SOLVD) is a randomized trial 
of enalapril versus placebo in reducing mortality in patients with cardiac 
dysfunction (ejection fraction <35%). Before randomization, 89 patients 
at risk for hypotension (1.2% of the total screened) were hospitalized and 
administered 2.5 mg of enalapril orally at baseline and again 12 hours 
later. Baseline systolic and diastolic blood pressures were 115 + 18 and 73 
+ 10 mm Hg, respectively. After enalapril, systolic blood pressure de- 
creased significantly 8 to 20 hours after the initial dose (mean reduction 8 
to 11 mm Hg). Symptoms relating to decrease in blood pressure were 
noted in 13 patients (15%). Most patients with cardiac dysfunction readily 
tolerate enalapril. However, the agent should be administered with cau- 
tion to patients with advanced congestive failure and diminished baseline 
blood pressure. 


VALVULAR HEART DISEASE 


1469 
Systemic and Left Ventricular Responses to Exercise Stress in 
Asymptomatic Patients with Valvular Aortic Stenosis 
Christopher A. Clyne, James A. Arrighi, Barry J. Maron, Vasken Dilsizian, 
Robert O. Bonow, and Richard O. Cannon Ill 





The exercise responses of 14 asymptomatic patients with significant aortic 
stenosis were assessed with Doppler echocardiography. Compared with 
age- and sex-matched control subjects, patients had reduced exercise 
tolerance and maximal oxygen consumption associated with decreased 
peak systolic blood pressure response, and less of an increase in left 
ventricular ejection fraction, with a decrease in end-diastolic and stroke 
volumes from baseline measurements. Thus, despite the absence of symp- 
toms patients with aortic stenosis demonstrate limited tolerance, and 
abnormal systemic and left ventricular hemodynamics during exercise 
stress. 
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Doppler Echocardiographic Findings in Adults With Severe 
Symptomatic Valvular Aortic Stenosis 

Catherine M. Otto, Rick A. Nishimura, Kathryn B. Davis, Katherine B. 
Kisslo, Thomas B. Bashore, and the Balloon Valvuloplasty Registry 
Echocardiographers 





Echocardiographic data in 680 adults undergoing balloon aortic valvulo- 
plasty showed marked variability in aortic stenosis severity and a high 
prevalence (54%) of ventricular systolic dysfunction. Left ventricular out- 
flow tract diameter poorly correlated with body size. Mean pressure gradi- 
ent was closely related to maximal jet velocity (mean AP = 2.4V? + 0.75 
mm Hg) and the ratio of velocities in the outflow tract to aortic jet 
correlated with Doppler (r = 0.67) and invasive valve areas (r = 0.40). It 
is concluded that although measurement of outflow tract diameter in each 
patient is needed for valve area calculations, simpler echocardiographic 
measures may be helpful in evaluating valvular stenosis severity. 


EE a Rg ae ee 
Doppler Echocardiographic Estimation of Mitral Valve Area 
During Changing Hemodynamic Conditions 

Alan C. Braverman, James D. Thomas, and Richard T. Lee 


To compare the continuity equation and pressure half-time methods of 
mitral valve area (MVA) determination under changing hemodynamic 
conditions, 17 patients with symptomatic rheumatic mitral stenosis under- 
went Doppler echocardiography at rest and during minor supine bicycle 
exercise. Mean MVA by the Gorlin formula at catheterization was 0.9 + 
0.4 em? Cardiac output and transmitral gradient increased with exercise 
(p <0.001), while the net atrioventricular compliance decreased signifi- 
cantly (p <0.001). MVA by the pressure half-time method increased 
significantly during exercise from 1.0 + 0.2 to 1.4 + 0.4 cm?. With use of 
the continuity equation method, MVA remained constant from rest to 
exercise at 0.8 + 0.3 cm? (p = 0.83). The data suggest that during periods 
of changing hemodynamics, the continuity equation method of determin- 
ing MVA may be preferable to the pressure half-time method. 


CONGENITAL HEART DISEASE 


AE due dg a ae ea se ae ee se 
Late Results (30 to 35 Years) After Operative Closure of 
Isolated Ventricular Septal Defect from 1954 to 1960 

James H. Moller, Ceeya Patton, Richard L. Varco, and C. Walton Lillehei 


The current status of 296 consecutive surviving patients of surgical closure 
of a ventricular septal defect operated on from 1954 to 1960 was deter- 
mined. Of the 290 available patients, 59 (20%) have died, with more 
deaths occurring among those with elevated pulmonary vascular resis- 
tance, those operated after age 2 years and those with heart block. Most of e 
the 230 surviving patients are in New York Heart Association class I, and 
few have medical problems related to their cardiac malformations. These 
good results of patients operated on during an early era of cardiac surgery 
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should be useful to physicians treating adults who have undergone cardiac 
surgery during childhood. The data support the trend toward surgery for 
patients with ventricular septal defects at an early age, and confirm the 
concern about elevated pulmonary vascular resistance before surgery, and 
conduction abnormalities after surgery. 
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Comparison of Transcranial Doppler Ultrasound and 
Transesophageal Contrast Echocardiography in the Detection 
of Interatrial Right-to-Left Shunts 

James J. Nemec, Thomas H. Marwick, Ronald J. Lorig, Malcolm B. 
Davison, Marc |. Chimowitz, Harvey Litowitz, and Ernesto E. Salcedo 


The efficacy of transcranial Doppler ultrasound and transthoracic con- 
trast echocardiography for detection of an interatrial right-to-left shunt 
was assessed using transesophageal contrast echocardiography in 32 sub- 
jects. Transcranial Doppler had a sensitivity, specificity and accuracy of 
100% for predicting an interatrial right-to-left shunt by transesophageal 
contrast echocardiography. In comparison, transthoracic contrast echo- 
cardiography had a sensitivity of 54%, specificity of 94% and accuracy of 
77%. Transcranial Doppler is accurate for the detection of an interatrial 
right-to-left shunt and may be useful as an alternative to transesophageal 
echocardiography, where the primary indication for transesophageal 
study is exclusion of an interatrial right-to-left shunt. 


MISCELLANEOUS 
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Effect of Digoxin on ST-Segment Changes Detected by 
Ambulatory Electrocardiographic Monitoring in Healthy 
Subjects 

Aryan N. Mooss, John A. Prevedel, Syed M. Mohiuddin, Daniel E. 
Hilleman, and Michael H. Sketch, Sr. 


Fifty healthy male subjects received digoxin 0.25 mg/day for 14 days. 
Ambulatory electrocardiographic monitoring and exercise stress testing 
was performed before and on the fourteenth day of digoxin therapy. 
During therapy, 13 (26%) subjects had at least 1 episode of ST depression 
and 5 (10%) subjects had multiple episodes of ST depression detected by 
ambulatory monitoring. Ten (20%) subjects had ST depression during 
exercise stress. Three (6%) had ST depression that occurred only at times 
other than during the stress test. Digoxin causes false-positive ST-segment 
depression detected by ambulatory monitoring. The incidence is similar to 
that observed during stress testing, but also occurs at heart rates lower 
than that achieved during exercise testing. 
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E TC YS pe ed rE Leg Kr 
Two-Dimensional Contrast Echocardiography in the Detection 
and Follow-Up of Congenital Pulmonary Arteriovenous 
Malformations 

Benico Barzilai, Alan D. Waggoner, Cheryl Spessert, Daniel Picus, and 
Daniel Goodenberger 


Pulmonary arteriovenous (A-V ) malformation is a frequent manifestation 
in patients with hereditary hemorrhagic telangiectasia. Contrast 2-dimen- 
sional echocardiography was used to identify 14 patients with A-V malfor- 
mation and 10 with atrial right-to-left shunt. Patients with A-V malfor- 
mation had a significant (p <0.001) delay in left atrial appearance of 
venous injections of agitated saline solution compared with those with 
atrial right-to-left shunt. Eleven patients with A-V malformation under- 
went pulmonary angiography. Contrast 2-dimensional echocardiography 
demonstrated 3 to 4+ opacification of the left ventricular chamber 
(n = 8) in patients with large or multiple A-V malformations, whereas 
patients with small A-V malformation (n = 3) had contrast 2-dimension- 
al echocardiographic findings of 1 to 2+ left ventricular opacification. 
After embolotherapy of A-V malformation, immediate follow-up contrast 
2-dimensional echocardiography revealed diminution of right-to-left 
shunt in 9 patients, but a significant residual intrapulmonary right-to-left 
shunt was detected in 2 and necessitated repeat pulmonary angiography 
with embolotherapy of a previously undetected A-V malformation. Con- 
trast 2-dimensional echocardiography is extremely sensitive for identifica- 
tion and follow-up of pulmonary A-V malformation. 


1511 

Cardiac Myocytes and Dendritic Cells Harbor Human 
immunodeficiency Virus in Infected Patients With and Without 
Cardiac Dysfunction: Detection by Multiplex, Nested, 
Polymerase Chain Reaction in Individually Microdissected 
Cells from Right Ventricular Endomyocardial Biopsy Tissue 

E. Rene Rodriguez, Suhail Nasim, Judith Hsia, Ramón L. Sandin, Andrea 
Ferreira, Betty A. Hilliard, Allan M. Ross, and Carleton T. Garrett 


Fifteen of 215 human immunodeficiency virus (HIV )-infected patients 
studied underwent endomyocardial biopsy; 5 had cardiovascular symp- 
toms and 10 did not. HIV sequences for gag and pol genes were amplified 
in microdissected myocytes or dendritic cells by a multiplex, nested poly- 
merase chain reaction. HIV was amplified from myocytes of 2 of 5 
symptomatic and 6 of 10 asymptomatic patients. Dendritic cells had HIV 
in 5 of 5 symptomatic and in 8 of 10 asymptomatic patients. Thus, 
symptomatic HIV cardiac dysfunction did not appear to be due to a direct 
role of HIV on the cardiac myocytes. 
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Medical, Ethical and Legal Issues Regarding Thrombolytic 
Therapy in the Jehovah’s Witness 

Jeremy Sugarman, Larry R. Churchill, John Kevin Moore, and Robert A. 
Waugh 
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Coronary Artery Surgery in Octogenarians 

William S. Weintraub, Stephen D. Clements, John Ware, Joseph M. 
Craver, Caryn L. Cohen, Ellis L. Jones, and Robert A. Guyton 
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Prevalence and Significance of ST-Segment Alternans During 
Coronary Angioplasty 

lan C. Gilchrist 


A. Wë he EE a Eé e a e Es 
Echocardiographic Documentation of Splenic Anatomy in 
Complex Congenital Heart Disease 

Patrick W. O’Leary, James B. Seward, Donald J. Hagler, and A. Jamil 
Tajik 
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Frequency of Positive Blood Cultures During Transesophageal 
Echocardiography 

Heinz Voller, Christoph Spielberg, Klaus Schréder, Dieter Gast, and Rolf 
Schröder 
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Prevalence of Cardiac Abnormalities Early in the Course of 
Systemic Lupus Erythematosus 

Vinay K. Bahl, Ramachandran S. Vasan, S. Aradhye, and Anand N. 
Malaviya 


CASE REPORT 
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Focal Myocardial Necrosis Associated with Multiple Sclerosis 
of the Medulla 

Asma Raza-Ahmad, Virgilio Sangalang, Gerald A. Klassen, and C. William 
McCormick 


INSTRUCTIONS TO AUTHORS on page 1424 
CLASSIFIED ADVERTISING on pages A65, A66, A67, A68 


ABSTRAC 


SPHYGMC AANOMETER 


180 = 


"TT Te mmm t SEDO E E at AE le et vm eer Ort Bee AE ts See e agi 


IN HYPERTENSION 


SHIFT TO VERELAN 


— e ` 
Ts ut 2 oa gë aaa 

= WE > Es - bie, 

oi d 


Please see brief summary of Prescribing Information including 
WARNINGS, PRECAUTIONS, and CONTRAINDICATIONS on adjacent page. 








CORONARY ARTERY DISEASE 


ine 
American 


Journal 
O 
Cardiology 











DECEMBER 1, 1991, VOL. 68, NO. 15 





Relation Between Acute Ventricular 
Arrhythmias, Ventricular Late Potentials and 
Mortality in Acute Myocardial Infarction 


Ma Hong, MD, Thomas Peter, MD, Werner Peters, MD, Fang Z. Wang, MD, 
Yuxu Xiu, MD, Carol Vaughn, RN, and Eli S. Gang, MD 


The relation between ventricular late potentials 
and the occurrence of acute (in-hospital) and hy- 
peracute (before hospital admission) ventricular 
tachycardia or fibrillation was studied in 281 
consecutive patients with uninterrupted acute 
myocardial infarction. The prevalence of late po- 
tentials was significantly higher in patients with 
than without ventricular tachycardia/fibrillation 
(65 vs 22%; p <0.01). These relations persisted 
among patients with left bundle branch block, al- 
though a different definition was used for identi- 
fying late potentials in these patients. Multivari- 
ate analysis showed that presence of late poten- 
tials and peak creatine kinase enzyme level were 
the only 2 independent variables associated with 
early ventricular tachycardia /fibrillation. 

Total in-hospital mortality, as well as in-hos- 
pital cardiac mortality, was significantly higher 
among patients with than without acute ventricu- 
lar tachycardia/fibrillation. However, at 1 year, 
mortality rates did not differ between the 2 
groups. 

The following conclusions were drawn from 
this study: (1) Late potentials are closely related 
to ventricular tachycardia/fibrillation in hypera- 
cute and acute phases of infarction. (2) Presence 
of left bundle branch block does not mitigate 
against the finding of late potentials in these pa- 
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tients. (3) Early ventricular tachycardia/fibrilla- 

tion in acute infarction is related to large infarc- 

tions and to a high in-hospital mortality rate. 
(Am J Cardiol 1991;68:1403-1409) 


ence of ventricular late potentials on signal-aver- 

aged electrocardiography identifies patients at 
high-risk for incurring fatal ventricular tachyarrhyth- 
mias in the late phase of myocardial infarction.!-!° 
Much less is known about the relation between late po- 
tentials and ventricular tachyarrhythmias in the acute 
phase of myocardial infarction. Studies on the subject 
are few, and conflicting conclusions have been drawn 
from relatively small patient groups.!!-!> In keeping 
with these observations, we conducted this study to: (1) 
assess the prevalence of late potentials in the acute 
phase of uninterrupted myocardial infarction; and (2) 
examine the relation between late potentials, clinical 
variables and ventricular tachyarrhythmias in acute 
myocardial infarction. 


S everal clinical studies have shown that the pres- 


METHODS 

Patients: We recruited 391 consecutive patients ad- 
mitted to the cardiac care unit of the Cedars-Sinai 
Medical Center with documented acute myocardial in- 
farction from November 1986 to February 1988. Pa- 
tients were excluded by the following prospectively de- 
fined exclusion criteria: (1) those who received acute 
thrombolytic therapy (n = 64); (2) those who under- 
went coronary angioplasty or bypass surgery, or both, 
before undergoing signal-averaged electrocardiography 
(n = 25); and (3) those with right bundle branch block 
(n = 21). In all, 281 patients without right bundle 
branch block who had uninterrupted myocardial infarc- 
tion were enrolled in this prospective study. Diagnosis 
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TABLE ! Clinizal Characteristics of 281 Patients, and Relation 
to Presence of Ventricular Arrhythmias 


VT/VF 
(n = 26) 


72 +9 


No VT/VF 
(n = 255) 


73+11 NS 
17/26 (65%) 169/255 (66%) NS 
13/26 (50%) 90/255 (35%) NS 
3,380 + 3,297 949 + 781 <0.001 
227 + 245 99 + 92 <0.05 
Killip class > 2 13/26 (50%) 99/255 (39%) NS 
Heart enlarged 14/26(54%) 110/255 (43%) NS 
Infarct site NS 
Anterior 12/26 (46%) 70/255 (28%) 
inferior 6/26 (23%) 59/255 (23%) 
Non-Q wave 6/26 (23%) 105/255 (41%) 
Not determined 2/26 (8%) 21/255 (8%) 
Left ventricular 32 + 10 43 14 
ejection frac Con (%) 
Late potentials 


p Value 


Age (years) 

Men 

Prior infarction 

Peak CK (IU/lite-7 
Peak CK-MB (ILAiter) 


<0.01 


17/26 (65%) 56/255 (22%) <0.0001 


CK = creatine Lhase; NS = not significant; VT/VF = ventricular tachycardla/ 
fibrillation. 


of acute myocardial infarction was based on clini- 
cal symptoms developing electrocardiographic changes 
with or withcut development of pathologic Q waves, 
and serial elevation of total creatine kinase and its MB 
isoenzyme levels. 

Acute vertricular arrhythmias were defined as spon- 
taneous susta.ned ventricular tachycardia or primary 
ventricular fs-rillation occurring in the hyperacute or 
acute phase o" myocardial infarction (De. either before 
hospital adm ssion or within the first 10 days of admis- 
sion). Ventricalar tachycardia was defined as spontane- 
ous tachycardia of ventricular origin, with rates >130 
beats/min ard lasting =30 seconds or requiring termi- 
nation because of hemodynamic decompensation. 

Signal-averaged electrocardiography: All patients 
had 21 signa -averaged electrocardiographic recording 
in the hospita! within the first 10 days (first recording 
performed at 3 + 2 days). The quantitative signal-pro- 
cessing methzd used was that of Simson.! Visual con- 
firmation of the measurements of QRS duration was 
obtained in each case by 2 investigators. Late potentials 
were defined as root-mean-square voltage <25 uV in 
the last 40 ms of the QRS complex or total filtered 
QRS duraticn 2120 ms, or both. For those patients 
with an unfiltered QRS duration 2110 ms (nonspecific 
intraventricu ar conduction delay or left bundle branch 
block), late potentials were defined only as root-mean- 
square voltage <20 uV in the last 40 ms of the QRS 
complex. In zatients who had 21 signal-averaged elec- 
trocardiograpjic tracing when late potentials were con- 
sistently pres=nt or absent, the first tracings were used 
for analysis. “When the serial tracings were discrepant, 
the first posi--ve late potential tracings were used. Du- 
ration of low-amplitude signal <40 uV was analyzed, 
but was not ised as a definition criterion. 
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Statistical analysis: Continuous variables were com- 
pared using Student e unpaired z test, and categorical 
data were compared using the chi-square or Yates’ cor- 
rection of the chi-square test. Stepwise multiple logistic 
regression analyses were performed, with ventricular 
tachycardia /fibrillation in various phases of acute myo- 
cardial infarction (see later) as the dependent variable 
and with the clinical descriptors listed in Table I as the 
independent variables. Because a measure of left ven- 
tricular ejection fraction was available in only 166 pa- 
tients (in only 13 of 26 with ventricular arrhythmias), 
this variable was not entered in the multivariate analy- 
ses. Statistical significance was set at a 2-tailed p value 
<0.05. 


RESULTS 

Patient population: Of 281 patients, 26 had a docu- 
mented episode of ventricular tachycardia /fibrillation 
within the first 10 days of acute myocardial infarction. 
The 26 patients were subdivided as follows: 12 with 
ventricular tachycardia/fibrillation in the hyperacute 
(before hospital) phase (subgroup 1); and 14 in the 
acute (in-hospital) phase (subgroup 2). All patients 
with hyperacute arrhythmias met our definition of 
acute infarction. In keeping with published studies that 
have examined patients with early ventricular tachycar- 
dia/fibrillation after acute myocardial infarction,'®!” 
we further categorized 21 out of the 26 patients as 
those with ventricular tachycardia/fibrillation that oc- 
curred within 48 hours of myocardial infarction (sub- 
group 3). As shown in Figure 1, ventricular arrhythmia 
was ventricular fibrillation in 14 patients, and most pa- 
tients (13 of 14) had ventricular fibrillation within 48 
hours of acute myocardial infarction. All episodes of 
ventricular fibrillation and 2 of 12 episodes of ventricu- 
lar tachycardia were cardioverted with direct current 
shock. The other 10 patients with ventricular tachycar- 
dia were treated with intravenous lidocaine or procain- 
amide, 

The patients’ clinical characteristics are listed in Ta- 
ble I. Univariate analysis showed that creatine kinase 
and its MB isoenzyme values were significantly higher, 
and left ventricular ejection fraction was significantly 
lower in the group with than that without ventricular 
arrhythmias. Table II lists the clinical characteristics 
exclusively in patients who had ventricular arrhythmias 
within 48 hours after onset of myocardial infarction 
(subgroup 3) compared with those without ventricular 
arrhythmias; the similarities and differences between 
the 2 groups persist. 

The mean time after infarction at which the first 
signal-averaging was performed was the same in groups 
with and without ventricular arrhythmias (3 + 2 days). 
Two or more studies were done in 90% of patients with- 
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n=8 LP +6/8 VT 
FIGURE 1. Chart displaying time of ven- 
tricular arrhythmias in acute infarction 
(AMI), and prevalence of ventricular late 
potentials (LP). VF = ventricular fibrilla- 
tion; VT = ventricular tachycardia; 
+ = presence; — = absence. 


in the first 10 days of myocardial infarction. The aver- 
age number of studies was similar between patients 
with and without ventricular arrhythmias (3 + 1). The 
first signal-averaging was performed after the episode 
of ventricular arrhythmias in 21 of 26 patients. 

Prevalence of late potentials: The overall prevalence 
of late potentials among the 281 study patients was 
26% (73 patients). As shown in Table I, a significantly 
higher prevalence of late potentials was seen in patients 
with than without ventricular arrhythmias (65 vs 22%; 
p <0.0001). Conversely, of 73 patients with late poten- 
tials, 23% developed hyperacute or acute phase ventric- 
ular arrhythmias, whereas of the remaining 208 pa- 
tients with no late potentials, only 4% developed ven- 
tricular arrhythmias (p <0.0001). Thus, the prevalence 
of ventricular arrhythmias was nearly 6 times higher in 
patients with late potentials (Figure 2). 


TABLE HI Clinical Characteristics in Patients With and Without 
Ventricular Arrhythmias Within 48 Hours of Myocardial 
Infarction 


VT/VF Within 48 Hours 

+ D 

(n = 21) (n = 255) 
73 £11 


c Value 


70+ 10 
15/21 (71%) 169/255 (66%) 
9/21 (43%) 90/255 (35%) 
3,518 + 3,579 949+ 781 
238 + 262 99 + 92 
10/21 (48%) 99/255 (39%) 
10/21 (48%) 110/255 (43%) 


Age (years) 
Men 
Prior infarction 
Peak CK ({U/liter) 
Peak CK-MB (IU-liter) 
Killip class >2 
Heart enlarged 
Infarct site 

Anterior 

Inferior 

Non-Q wave 

Not determined 
Left ventricular 

ejecticn fraction (%) 

Late potentials 


10/21 (47%) 
4/21 (19%) 
5/21 (24%) 
2/21 (10%) 

34+ 10 


70/255 (28%) 
59/255 (23%) 
105/255 (41%) 
21/255 (8%) 
43 +13 <0.05 


13/21 (62%) 56/255 (22%) 


+ = presence; — = absence; other abbreviations as in Table l. 


<0.0001 





n=13 LP+7/13 VF 


Pre-hospital 
n=12 LP+58% 





VT/VF in AMI 
n=26 LP+65% 


Day 3-10 
n=5 LP+80% 


VI n=4 LP+3/4 
VF n=1 LP+1/1 


Within 48 Hrs 
n=21 LP+62% 


In-hospital 
n=9 LP+67% 


VF 
n=9 
LP + 5/9 


The prevalence of late potentials in different sub- 
groups with ventricular arrhythmias was as follows: 
58% (7 of 12 patients) in subgroup 1; 71% (10 of 14) 
in subgroup 2; and 62% (13 of 21) in subgroup 3. The 
prevalence of late potentials in all these subgroups of 
patients was significantly higher than in patients with- 
out ventricular arrhythmias (p <0.05, p <0.01 and p 
<0.01, respectively). Late potentials were seen with 
equal frequency in both types of ventricular arrhyth- 
mias (De, in 70% of patients with ventricular tachycar- 
dia and in 57% with ventricular fibrillation; p >0.05). 
For identification of ventricular tachycardia /fibrillation 
occurring in the hyperacute/acute phase of myocardial 
infarction, late potentials had a sensitivity of 65% and a 
specificity of 78, whereas the predictive accuracy of a 
positive test was 23 and that of a negative test was 96. 

Signal-averaged electrocardiographic indexes: Pa- 
tients with ventricular arrhythmias in various phases of 
acute myocardial infarction (all 26 patients with ven- 
tricular arrhythmias, and those with ventricular ar- 
rhythmias in subgroups 1 and 3) were compared with 
those without ventricular arrhythmias to determine if 
there were significant differences in the values of the 


LP + (73) 


VT/VF 
23% 


LP - (208) 


VT/VF 
4% 


NO VT/VF 
77% 





FIGURE 2. Pie diagram showing incidence of early ventricular 
tachycardia/fibrillation (VT/VF) among patients with and 
without ventricular late potentials (LP). 
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signal-averaged electrocardiographic indexes. Results 
are listed in Tables IIT and IV. 

Analysis of patients with left bundle branch block 
(Figure 3): A left bundle branch block pattern was re- 
corded in 29 <tudy patients (6 of the 26 patients with 
early ventricu.ar arrhythmias and 23 of 255 without 
ventricular ar-hythmias). As shown in Figure 4, late 
potentials wese frequently recorded in patients with 


ventricular arrhythmias irrespective of whether a left 
bundle branch block pattern was seen. The data in Ta- 
ble III also show significant differences in 3 of 4 signal- 
averaged electrocardiographic indexes. 

Stepwise multiple logistic regression analysis: The 
analyses compared the 255 patients without ventricular 
arrhythmias with (a) all 26 with ventricular arrhyth- 
mias, (b) the 12 in subgroup 1, and (c) the 21 in sub- 


TABLE Hi Sigral-Averaged Electrocardiographic Parameters in Patients With and Without Early Ventricular Arrhythmias 


No Left Bundle Branch Block 


VT/VF 
(n = 20) 


101 + 12 
116 + 14 
37 4 17 
30 + 21 


No VT/VF 
(n = 232) 


Unfiltered QES (ms) 
Filtered QRS Ims) 
D40 (ms) 

RMSV4O (Uu 


Left Bundle Branch Block 


VIZE 
(n = 6) 


No VT/VF 
(n = 23) 


NS 
<0,001 
<0.001 
<0.0001 


D40 = duration of ow-amplitude signals <40 uY; RMSV40 = root-mean-square voltage of signals in last 40 ms of QRS complex; other abbreviations as in Table |, 


TABLE IV Signal-Averaged Electrocardiographic Parameters in Patients with Ventricular Arrhythmias in Subgroups 1 and 3 (patients 


with left bundle branch block were excluded) 


VT/VF* 
(pn = 16) 


Unfiltered Q&S (ms) 99 +12 


No VT/VF 
(n = 232) 


98 + 232 


VT/VF** 
(n = 8) 


104 + 10 


NS See NG ee 


Filtered QRE (ms} 114214 
p <0.05 
D40 (ms) 38+ 


RMSV40 (u™) 33 + 


* = subgroup 3; ** = subgroup 1. 
Abbreviations as in<Tables | and III. 
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FIGURE 3. Illustrations of presence and 


absence of ventricular late potentials in 
patients with left bundle branch block pat- 
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tem. Left, terminal root-mean-square volt- 
age is 72 uV, and no visible late potentials 
are present. Right, late potentials are visi- 
ble (arrow), and terminal voltage is 17 uV. 
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group 3. All clinical variables listed in Table I (except 
left ventricular ejection fraction) were used in these 
analyses. In each of these subgroups, the only 2 inde- 
pendent variables associated with early ventricular ar- 
rhythmias were peak creatine kinase level and presence 
of ventricular late potentials. When creatine kinase lev- 
el was dichotomized at =1500 [U/liter, and its MB 
isoenzyme at = 150 [U//liter, the presence of ventricular 
late potentials was the most significant independent 
variable associated with early ventricular arrhythmias, 
followed by peak creatine kinase =1500 IU (ter. 
in-hospital and long-term mortality: IN-HOSPITAL 
DEATH: The total in-hospital mortality rate was 31% (8 
of 26) in patients with ventricular arrhythmias, and 6% 
(15 of 255) in those without ventricular arrhythmias (p 
<0.0001). The cardiac mortality rates were 27 (7 of 
26) and 5% (13 of 255) in patients with and without 
ventricular arrhythmias (p <0.0001). Of 21 patients 
with ventricular arrhythmias within the first 48 hours 
of myocardial infarction, 5 patients whose presenting 
arrhythmia was ventricular fibrillation died. Four of 
these patients died from cardiac causes (2 cardiogenic 
shock, 1 pulmonary edema and 1 recurrent veniricular 
fibrillation). Thus, among 13 patients with ventricular 
fibrillation developing within the first 48 hours, the to- 
tal in-hospital mortality rate was 38% (5 of 13), and 
cardiac mortality was 31% (4 of 13). Both total and 
cardiac mortality rates were significantly higher in pa- 
tients with ventricular arrhythmias within 48 hours 
than in those without ventricular arrhythmias (38 vs 
6%, p <0.0001, and 31 vs 5%, p <0.001, respectively). 
ONE-YEAR FOLLOW-UP: One-year follow-up data were 
available for all patients with early arrhythmias and for 
98% of those without ventricular arrhythmias who left 
the hospital alive (18 of 18 and 236 of 240, respective- 
ly). We concluded that: (1) Total and cardiac deaths 
were higher among patients with ventricular arrhyth- 
mias, but the differences did not reach statistical signif- 


FIGURE 4. Prevalence of ventricular late 
potentials in patients with and without left 
bundle branch block (LBBB). VT/VF = 
ventricular tachycardia/fibrillation; 

*p <0.01. 
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icance (7 of 18 [39%] vs 45 of 236 [19%] for total 
deaths; 5 of 18 [28%] vs 26 of 236 [11%] for cardiac 
deaths). (2) Similarly, 1-year mortality of patients pre- 
senting with acute ventricular fibrillation (3 of 8, 38%) 
did not differ from that of those without acute ventricu- 
lar fibrillation (19%). (3) In contrast, 1-year sudden 
death mortality was higher in patients presenting with 
ventricular arrhythmias (5 of 18 [28%] vs 13 of 236 
[6%]; p <0.01). (4) Late potentials had been recorded 
in 10 of 18 (56%) patients who had sudden death dur- 
ing the first year. 


DISCUSSION 

The salient points of our study are as follows: (1) 
Ventricular late potentials have an independent and 
significant association with the occurrence of acute 
ventricular tachycardia/fibrillation in the setting of 
acute myocardial infarction. (2) Presence of left bundle 
branch block does not mitigate against the finding of 
late potentials by signal-averaged electrocardiography 
in acute myocardial infarction. (3) Presence of ventric- 
ular tachycardia/fibrillation in the early phases of 
acute myocardial infarction is associated with large in- 
farctions and with high in-hospital mortality rate. 

Prevalence of late potentials in acute myocardial in- 
farction: Our study showed a 26% prevalence rate of 
ventricular late potentials recorded 3 + 2 days after 
myocardial infarction. Other studies have shown a 
prevalence ranging from 16 to 58%,?-!9-!> but patient 
populations varied among different studies. For exam- 
ple, successful thrombolytic treatment is associated 
with a marked reduction in the prevalence of late po- 
tentials in acute myocardial infarction.'8-2° We took 
special care to exclude all patients with thrombolytic 
treatment. Furthermore, although no studies have yet 
reported decreased prevalence of late potentials after 
coronary angioplasty in acute myocardial infarction, 1 
report found that in patients with previous myocardial 


WITHOUT 
LBBB 
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infarction, 23% lost their late potentials after coronary 
bypass surgery, and in all patients, the mean value 
of signal-averaged electrocardiographic variables im- 
proved after bypass surgery.*! Thus, for the purpose of 
this study we excluded all patients with coronary by- 
pass surger~ or angioplasty, or both, performed within 
3 days before a signal-averaging study. Therefore, the 
present stucy can be regarded as a reasonable assess- 
ment of the >revalence of late potentials in consecutive 
patients with uninterrupted natural history of acute 
myocardial infarction. 

Late potentials and hyperacute or acute phase 
ventricular -achyarrhythmias in myocardial infarction: 
The relation between late potentials and ventricular 
tachycardia “fibrillation occurring in the hyperacute or 
acute phase of myocardial infarction remains inade- 
quately stuced in a large number of consecutive pa- 
tients. Som= investigators!'!422 have suggested that 
late potentials do not predict the occurrence of in-hospi- 
tal phase veztricular tachyarrhythmias in patients with 
acute myoca-dial infarction. In contrast, 1 study!> has 
suggested (at late potentials are a useful predictor of 
ventricular ezrhythmias and sudden death 24 hours af- 
ter acute myocardial infarction, but not of ventricular 
fibrillation occurring within the first 24 hours. Further- 
more, 2 othe- studies!”!3 have suggested that the pres- 
ence of late potentials can indeed identify ventricular 
tachyarrhythmias occurring within the first 24 hours 
after acute myocardial infarction. 

Our study demonstrates that late potentials are 
associated wth ventricular tachycardia/fibrillation no 
matter when the arrhythmia occurred (in the hypera- 
cute phase, zr within the first 48 hours of myocardial 
infarction or the first 10 days in the hospital). This in- 
formation mm obt enable clinicians to stratify patients 
into low- and high-risk groups for acute phase ventricu- 
lar arrhythrias, and longer monitoring before dis- 
charge from “he cardiac care unit may be warranted in 
the high-risk group. 

Experimental basis for ventricular late potentials in 
the acute ph=se of myocardial infarction: Acute experi- 
mental ischemia is associated with a high prevalence of 
ventricular techycardia and fibrillation,” as well as 
with delayed and fractionated electrograms recorded 
directly from: ischemic myocardium,?*-*° which are as- 
sociated with reentrant arrhythmias. In our study, the 
average interval between onset of myocardial infarction 
and occurre-tce of ventricular tachycardia /fibrillation 
in subgroup 1 was 1 hour. Because these patients also 
had a high prevalence of ventricular late potentials, this 
may well support the theory that the mechanism of 
ventricular techycardia/fibrillation occurring immedi- 
ately after acate myocardial infarction in humans is in- 
deed reentry 


A limitation of the present study is that signal-aver- 
aging was not performed immediately after these hy- 
peracute phase ventricular arrhythmic episodes. How- 
ever, Clinical studies have shown that late potentials can ` 
appear as early as 3 hours after onset of myocardial 
infarction, and presence of late potentials in the subse- 
quent tracings is usually stable.!> We also found a 
high concordance (unpublished observation) among se- 
rial recordings performed during the first 10 days of 
acute myocardial infarction. Therefore, it seems reason- 
able to presume that patients in subgroup 1 who had 
late potentials later on may have had late potentials 
preceding ventricular tachycardia /fibrillation. 

In the experimental laboratory, after “early” ven- 
tricular arrhythmias, a relatively quiescent period en- 
sues, followed by “late” ventricular arrhythmias which 
begin several hours after coronary artery ligation and 
last up to 48 hours after ligation. There were 9 pa- 
tients in our study whose ventricular tachycardia / fibril- 
lation developed on the first or second day, and a high 
prevalence of late potentials was seen in this group 
(67%; Figure 1). This observation suggests that after 
early ventricular arrhythmias, reentry may still play a 
role in causing ventricular tachycardia/fibrillation in 
the first 2 days of myocardial infarction. 

Late potentials and left bundle branch block: In pri- 
or published studies, patients with bundle branch block 
have always been excluded from analysis. In the pres- 
ent study, in patients with left bundle branch block and 
acute myocardial infarction, signal-averaged electrocar- 
diography differed significantly between those with and 
without spontaneous hyperacute or acute ventricular 
arrhythmias. The criteria we used (root-mean-square 
voltage in the last 40 ms of QRS <20 uV) resulted in a 
28% prevalence that was similar to a 26% prevalence of 
late potentials in patients without left bundle branch 
block. For identifying patients with hyperacute or acute 
ventricular arrhythmias, this 1 criterion had a 83% sen- 
sitivity and 87% specificity. Furthermore, of 29 patients 
with left bundle branch block, 4 had sudden death dur- 
ing follow-up. Of these 4 patients, 3 had a root-mean- 
square voltage in the last 40 ms of QRS <20 uV. 
Based on these observations, we suggest that in patients 
with a left bundle branch block pattern, signal-aver- 
aged electrocardiography is a reliable marker to identi- 
fy those prone to early as well as late ventricular ar- 
rhythmias. The sole criterion of root-mean-square volt- 
age <20 uV in the last 40 ms of QRS complex seems 
to be suitable. 

Early and late clinical course of patients with ven- 
tricular arrhythmias: In the present study, patients with 
ventricular tachycardia /fibrillation had an unfavorable 
in-hospital prognosis, including those whose primary 
ventricular fibrillation occurred within 48 hours of hos- 
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pital admission. A similar finding has recently been re- 
ported by 2 large studies.!6!7 The positive relation 
found in our study between early in-hospital ventricular 
arrhythmias and significantly higher creatine kinase 
and its MB level, as well as significantly lower left ven- 
tricular ejection fraction, supports the view that a large- 
sized infarct and consequent pump failure is often the 
underlying milieu for recurrent lethal ventricular ar- 
rhythmias. 
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Importance of Myocardial Infarct Artery Patency 
on the Prevalence of Ventricular Arrhythmia and 
Late Potentials After Thrombolysis in 
Acute Myocardial Infarction 
Frank V. Aguirre, MD, Morton J. Kern, MD, Judith Hsia, MD, 


Harvey Serota, MD, Denise Janosik, MD, Terry Greenwalt, BA, 
Allan M. Ross, MD, and Bernard R. Chaitman, MD 


Sustained infarct artery patency is an important 
determinant of survival in patients with acute 
myocardial infarction. We studied 61 patients 
with acute myocardial infarction who received 
intravenous -ecombinant tissue-type plasmino- 
gen activatcr, aspirin or heparin within 6 hours 
of symptom onset, to determine if infarct artery 
patency afte~ intravenous thrombolytic therapy 
influences myocardial electrical stability as mea- 
sured by the prevalence of spontaneous ventricu- 
lar ectopy ox late potential activity. Infarct artery 
patency was determined by angiographic evalua- 
tion 2.5 + 3 days after infarction. Forty-eight 
patients (79%) had a patent infarct-related ar- 
tery and 13 219%) patients had an occluded ves- 
sel. The mean number of ventricular premature 
complexes ((PCs)/hour (p <0.01) and the preva- 
lence of late potentials (54 vs 19%; p <0.03) 
were significantly higher in patients with an oc- 
cluded versus patent-infarct related vessel. Al- 
though VPC frequency and late potentials were 
not influenced by the time to thrombolytic treat- 
ment, patierts with a patent infarct-related ar- 
tery had a le-wer prevalence of late potentials re- 
gardless of whether treatment was initiated <2 
hours (25% patent vs 50% occluded; p = not sig- 
nificant) or 2 to 6 hours (16% patent vs 55% oc- 
cluded; p >C'.03) after symptom onset. 

Thus, successful thrombolysis decreases the 
frequency of ventricular ectopic activity and late 
potentials in the early postinfarction phase. The 
reduction in both markers of electrical instability 
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may help explain why the prognosis after suc- 
cessful thrombolysis is improved after acute 
myocardial infarction. 

{Am J Cardiol 1991;68:1410-1416) 


short- anc long-term survival after acute myo- 
cardial infarction is well established.!? The 
mechanisms responsible for enhanced survival in pa- 
tients treated with thrombolytic therapy remain contro- 
versial, but may be related to properties other than 
preservation of left ventricular function alone.? Recent 
studies have determined that early recanalization and 
sustained patency of the infarct-related vessel may en- 
hance survival in patients after myocardial infarction by 
contributing to improved ventricular remodeling and 
healing, establishing collateral blood flow to noninfarct 
myocardial segments and reducing electrical instabili- 
ty.2 The latter mechanism is particularly important 
since sudden death secondary to malignant ventricular 
arrhythmia may account for up to 40% of total mortali- 
ty in the first year after the index infarction.*° 
In the present study, we tested the hypothesis that 
patients with acute myocardial infarction treated within 
6 hours of symptom onset with thrombolytic therapy 
who attain infarct artery patency have a more stable 
myocardial electrical substrate and reduced prevalence 
of ventricular arrhythmia and late potential activity in 
the early postinfarct phase. In addition, the relation be- 
tween the time from symptom onset to initiation of 
thrombolytic therapy and infarct artery patency was 
examined to determine their impact on myocardial 
electrical stability. 


T he benefit of thrombolytic therapy on both 


METHODS 

Patients: Data were obtained through a retrospec- 
tive review of 61 patients wno presented with 230 min- 
utes of chest pain, ST-segment elevation =1 mm in 22 
contiguous leads and who received treatment within 6 
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hours of symptom onset with 100 or 150 mg of intrave- 
nous recombinant tissue-type plasminogen activator. 
Patients enrolled in either the Heparin Aspirin Reper- 
fusion Trial® or the Thrombolysis In Myocardial In- 
farction-2B trial from St. Louis and George Washing- 
ton Universities who underwent all of the following pro- 
cedures were considered eligible for study entry: (1) a 
predischarge 24-hour ambulatory and signal-averaged 
electrocardiogram, and (b) a predischarge diagnostic 
cardiac catheterization. Patients with an intraventricu- 
lar conduction delay (QRS duration 20.11 ms), com- 
plete bundle branch block or those taking antiarrhyth- 
mic drugs before hospital discharge were excluded. 

Cardiac catheterization: Cardiac catheterization 
was performed 2.5 + 3 days (mean + standard devi- 
ation) after infarction. Significant coronary artery dis- 
ease was considered present if a narrowing of 260% of 
a major epicardial vessel was observed. Stenosis was 
determined by digital calipers in orthogonal views or by 
2 independent experienced observers. Infarct artery pa- 
tency was defined by the coronary flow scoring system 
established in the Thrombolysis in Myocardial Infarc- 
tion trial.’ For the purposes of this study, flow grades of 
0 to 1 were considered an “occluded” vessel and flow 
grades of 2 to 3 were considered a “patent” vessel. 

Left ventricular ejection fraction was calculated 
from the 30° right anterior oblique ventriculogram us- 
ing a standard area-length method. Regional wall mo- 
tion was subjectively classified as normal, hypokinetic, 
akinetic or dyskinetic. 


FIGURE 1. Measurement of sig~ 
nal-averaged electrocardio- 
graphic parameters. The QRS 
duration is measured using com- 
puter-selected end points, and 
was considered abnormal if 

> 120 ms. The low-amplitude 
signals <40 4V (LAS 40) is 
measured from the point where 
the terminal QRS falls below 40 
HY to the end of the QRS, and 
was considered abnormal if >40 
ms. The root-mean-square 
(RMS 40) of the last 40 ms is 
demonstrated in the hatched 
area and was considered abnor- 
mal if <25 uV. 
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Ambulatory electrocardiographic evaluation: Stan- 
dard 2-channel 24 hour clinical ambulatory electrocar- 
diograms were obtained at a mean of 8 + 4 days after 
infarction. The mean number of ventricular premature 
complexes (VPCs) per hour, ventricular couplets and 
episodes of ventricular tachycardia (23 consecutive 
VPCs) were assessed. 

Frequent ventricular ectopic activity was defined 
as a mean VPC count of 210 beats/hour. Complex 
ventricular ectopy was defined as the presence of el- 
ther frequent ventricular ectopic activity or ventricular 
tachycardia, or both. All ambulatory electrocardio- 
graphic data were interpreted by physicians unaware of 
the angiographic findings. 

Signal-averaged electrocardiography: Signal-aver- 
aged electrocardiograms were recorded using Arrhyth- 
mia Research Technology (Austin, Texas) and Cora- 
zonix Corporation (Oklahoma City, Oklahoma) re- 
corders a mean of 7 + 3 days after infarction. Or- 
thogonal X, Y and Z leads were recorded with rejec- 
tion of ectopic or noisy beats by template recognition. 
At least 150 beats were amplified and averaged in each 
recording with noise levels <1.0 mV. After signal-aver- 
aging, the data were filtered using a bidirectional digi- 
tal filter with a bandpass frequency of 40 to 250 Hz. 
The filtered signals from the 3 leads were combined 
into a vector magnitude, „/x? + y? + z?, for analysis. 
Three parameters from the signal-averaged electrocar- 
diogram were examined (Figure 1). The total duration 
of the filtered QRS (QRS duration) using computer- 
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TABLE I Patieat Characteristics According to Status of 
Infarct-Related Artery 


infarct-Related Artery 


Occluded 
(n = 13) 


Patent 
(n = 48) 


Age (years) 55412 

Men/women 38/10 

White/ black 44/4 

Prior myocardia: infarction 2 (4) 
(%) 

Congestive hear failure 
(%)} 

infarct site (%) 


Variable p Value 


10 (21) 


Anterior 
Inferior 
Lateral 


27 (56) 
20 (42} 
1 (2) 


Symptom onset—throm- 3l 


bolytic theran~ (hours) 


selected end points was considered abnormal when the 
duration was =120 ms. The duration of low-amplitude 
signals was measured from the point where the termi- 
nal QRS decreased to <40 mV to the end of the QRS, 
and was considered abnormal when the duration was 
>40 ms. The root-mean-square was considered abnor- 
mal when the value was <25 mV. Late potential activi- 
ty was considered present when 22 of these parameters 
were abnormaL 

Statistical methods: Statistical analysis was per- 
formed using the student’s ¢ test for continuous vari- 
ables, chi-squa-e with Yates correction for categorical 
data and Wilccxon signed-rank test for analysis of non- 
parametric parameters, where appropriate. Logistic re- 
gression analyss was performed with positive late po- 
tentials as the dependent variable and 5 clinical and 
angiographic variables: (1) Left ventricular ejection 
fraction, (2) ste of infarction, (3) degree of residual 
coronary artery stenosis, (4) segmental wall motion 
analysis, and (3) infarct artery patency, were used as 
the independest variables. Data were expressed as 
mean + | stardard deviation. A p value < 0.05 was 
considered significant. The effect of the timing of 
thrombolytic therapy as it relates to the prevalence of 
VPCs and abnormalities on signal-averaged electrocar- 
diography was =valuated by stratifying the patient pop- 
ulation by early (<2 hours) and late (2 to 6 hours) 
presentation. 


RESULTS 

Study groug: The final study group consisted of 61 
patients (mean age 56 + 12 years [range 25 to 74]) of 
whom 77% werz men. Mean time from symptom onset 
to initiation of intravenous thrombolytic therapy was 
3.0 + 1.8 hours (range 0.4 to 6.0). The site of infarc- 
tion was anterior in 30 patients (49%), inferior in 30 
patients (49%) and lateral in 1 patient (2%). Three pa- 





TABLE li Cardiac Catheterization Findings in Patients with 


Patent and Ocsluded Infarct Arteries 


Variable 


Time after MI to catheter- 
ization (days) 

Coronary angiozraphy 
No. of coronary arteries 

> 60% in diameter 
None 
One 
Two 
Three 

% Residual stenosis 
(mean) 

Infarct-related artery 
Right coronary artery 
Left anterior descending 

artery 
Left circumflex artery 

Left ventriculography 
LV ejection fraction (%) 
Segmental wall motion 

Normal 
Hypokinetic 
Akinetic 
Aneurysm 


infarct-Related Artery 


Patent 
(n = 48) 


n (%) 


4 (8) 
25 (52) 
11 (22) 

8 (17) 
68+ 21 


19 (37) 
27 (56) 
2 (4) 
51+13 
2 (4) 
15 (32) 


25 (53) 
5 (10) 


Occluded 
(n = 13) 


n (%) 
2.3% 3.2 


0 (0) 

5 (42) 

5 (42) 

3 (16) 
99 + 0.3 


10 (77) 
3 (23) 
O (0) 

46+18 
0 (D) 

4 (31) 


8 (62) 
1 (8) 





LV = left ventricular; MI = myocardial infarction. 


tients (5%) had a history of a prior myocardial in- 
farction. 

Patent versus occluded infarct-related artery: At 
angiography, 48 (79%) patients had a patent infarct- 
related artery and 13 (21%) patients had an occluded 
vessel. There was no difference in baseline characteris- 
tics between the 2 groups (Table I). 

Cardiac catheterization variables (Table H): The 2 
groups had similar cardiac catheterization characteris- 
tics. The occluded infarct vessel more often involved the 
right coronary artery (77%), whereas the left anterior 
descending artery was the culprit vessel in 56% of pa- 
tients with a patent infarct-related artery (p <0.05). 

Ambulatory and signal-averaged electrocardio- 
graphic parameters (Table lll): The mean number of 
VPCs per hour was significantly greater in patients 
with an occluded versus patent infarct-related artery. 
However, there was no difference in the prevalence of 
frequent or complex ventricular ectopic activity be- 
tween the 2 groups. 

Patients with occluded arteries had significant- 
ly more abnormal signal-averaged electrocardiographic 
parameters compared with those with a patent vessel. 
Of the 13 patients with an occluded infarct artery, 7 
(54%) had late potentials present compared with only 9 
of 48 (19%) patients with a patent infarct artery 
(<0.03, Figure 2). 
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TABLE UL Ambulatory and Signal-Averaged Electrocardio- 
graphic Variables in Patients with Occluded and Patent Infarct 
Arteries 


Infarct-Related Artery 


Occiuded 
In = 13) 


Patent 
(n = 48) 


Variable n (%) n (%) 


Ambulatory ECG 

Time from M! to ambu- 
latory ECG (days) 

Recording time (hours) 

Ventricular premature 
complexes (mean/ 
hour) 

% Frequent ventricular 
beats (> 10/hour) 

Couplets 

Ventricular tachycardia 

Complex ventricular 
ectopic activity 

Signal-averaged ECG 

Time of Mil to recording 
(days) - 

QRS duration (ms) 

Low-amplitude signal 
<40 (ms) 

Rooi-mean-square volt- 
age <40 (mV) 

Number of abnormal 
parameters 

None 
One 


723 844 


Fc ae 
106 + 212 


21+3 
23 + 75 


10 (20) 4 (33) 
15 (31) 

9 (18) 
12 (26) 


3 (25) 
1 (8) 
4 (33) 


ZE CR 


101l = 18 
32 +11 


105 + 19 
37 £ 24 


37 + 26 
O07 +1 


28 (58) 
11 (23) 
Two 6 (13) 
Three 3 (6) 


ECG = electrocardiogram; MI = myocardial infarction. 





Relation of late potentials to arterial patency (Table 
IV): By univariate analysis only the presence of an oc- 
cluded infarct-related vessel predicted late potential ac- 
tivity (p = 0.028). 

Five clinical and angiographic variables, including 
regional and global left ventricular function, extent of 
coronary artery disease, site of infarction and infarct 
artery patency were entered into a stepwise logistic re- 
gression model. Failure to establish infarct artery pa- 
tency was found to be the only significant predictor of 
late potentials (8 coefficient = 3.052; p <0,005). 

Relation of late potentials to time of treatment (Ta, 
ble V): Of the 61 patients, 18 (29%) received early (<2 
hours) intravenous thrombolytic therapy (mean time 
1.5 + 0.5), and 43 (71%) received treatment between 2 
and 6 hours (mean time 3.5 + 1.1) after symptom on- 
set. There was a nonsignificant trend toward greater 
infarct artery patency, lower prevalence of infarct zone 
dyskinesia, and a lower prevalence of mean VPCs per 
hour in patients who were treated within 2 hours. How- 
ever, there was no difference in the signal-averaged 
electrocardiographic variables between the 2 groups. 
Five (28%) patients treated early and 11 (26%) pa- 
tients treated later had late potentials present (p = not 
significant). 





TABLE IV Clinical and Angiographic Predictors of Late 
Potential Activity 


Late Potentials 


Absent 
(n = 45) 


Present 
(pn = 16) 


n (%) n (%) 


Clinical parameters 

Time from Mi to signal- 
averaged ECG (days) 

Symptom onset-—— 
thrombolytic therapy 
(hours) 

Peak creatine kinase 
(U/liter) 

Prior MI 

Congestive heart failure 


2,495 + 2,036 2,382 + 1,721 


1 (6) 
4 (25) 
(n = 15) 


6 (40) 
2 (13) 
4 (27) 


(n = 16) 
3+4 


2 (4) 
10 (22) 


(n = 45) 


21 (49) 
3 (7) 
5 (11) 


(n = 45) 
2+2 


Meditations 


B blockers 

Digoxin 

ACE inhibitor 
Angiographic parameters 


Time of MI to catheter- 
ization (days) 

No. of coronary arteries 
> 60% | in diameter (%) 
Zero 6 (0) 
One 7 (44) 
Two 4 (25) 
Three 5 (31) 

infarct-related artery 
Left anterior de- 

scending 
Right coronary 
Circumflex 

Occiuded infarct artery 

% Mean residua! steno- 
Sis 

LV ejection fraction {%) 
>55% 

35-55% 

<35% 

Regional wall motion 
akinetic/diskinetic 
TIMI flow grade 

Zero 

One 

Two 

Three 


4 (8) 
23 (52) 
13 (28) 

5 (11) 
8 (50) 22 (49) 
7 (44) 

1 (6) 
7 (44) 
84 + 2] 


22 (49) 
1 (2) 
6 (13) 
71+ 23 


45+ 14 
4 (27) 
7 (46) 
4 {27} 
12 (73) 


52 + 14 
17 (39) 
22 (49) 
5 (11) 
28 (62) 


6 (38) 
1 (6) 
1 (6) 
8 (50) 


5 (11) 
1 (2) 
8 (18) 
31 (69) 


ACE = angiotensin-converting enzyme; TIMI = Thrombolysis in Myocardial Infarc- 
tion trial; | = decrease; other abbreviations as In Tables Il and H. 





60 


50 
Late 


40 
Potentials (%)3 9 
20 


i 


Occluded Patent 
(n=13) (n=48) 


Infarct Related Artery 
FIGURE 2. The frequency of late potentials was significantly 
greater in patients with an occluded versus patent infarct-re- 
lated vessel (p<0.03). 
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TABLE V Comparison of Early (<2 hours) Versus Late (>2 
hours} Initiation of Thrombolytic Therapy on Catheterization, 
Ambulatory ard Signai-Averaged Electrocardiographic 
Parameters 


Symptom Onset to Initiation of Therapy 


> 2 Hours 
{n = 43) 


<2 Hours 
(n = 18) 


n {(%) 
21 


Variable n (%) 


Mean time to th-ombolytic 42+] 
therapy (hours) 

Cardiac catheterization 
Infarct artery »atency 
Left ventricular ejection 

fraction (%_ 
<35% 
Dyskinetic infa:ct zone 

Ambulatory elec-rocardio- 
graphy 

Ventricular premature 
complexes (mean/hour) 

% Frequent venticular 22 26 
beats (> 10/Four) 

Complex ventricr lar beats 28 26 
(%) 

Signal-averaged 2lectro- 
cardiography 

QRS duration (rre) 

Low-amplitude sgnal 
<40 ms 

Root-mean-squa-e voltage 
<40 mV 

Late potential present 


16 (89) 
48+ 16 


32 (74) 
50 + 14 


2 (11) 
1 (6) 


7 (16) 
5 (12) 


4+6 64 + 153 


101+18 
30+ 14 


102 +19 
35+15 


33° 26 SE SE 


5 (28) 11 (26) 0.89 
Occluded Patent Occluded Patent 


in=2) (n=16) (n=11) (n= 32) 
Late potentials besed(%) 1 (50) 4 (25) 6 (55) 5 (16)* 


Sp <0.03. 


Patients wth a patent infarct vessel had a lower 
prevalence of Hate potentials whether treated <2 or >2 
hours after symptom onset (Table V). Of the 43 pa- 
tients treated Z to 6 hours after symptom onset, 11 had 
an occluded imfarct-related vessel, 6 (55%) of whom 
had late potertials present. In contrast, of the 32 pa- 
tients who had a patent infarct artery, only 5 (16%) 
had late poten-ials (p <0.03). A similar but nonsignifi- 
cant trend was also noted in patients with a patent in- 
farct artery who were treated earlier (<2 hours). 





DISCUSSION 

Enhanced survival associated with intravenous 
thrombolytic therapy for acute myocardial infarction 
has been demonstrated, and has mainly been attributed 
to preservation of left ventricular function.'* However, 
the mechanisrrs of improved survival appear to be mul- 
tifactorial, and may result from improved infarct artery 
patency and e:ectrical stability.4%? The results of this 
study support the concept that infarct artery patency 
after success) thrombolysis may enhance electrical 
stability as refEcted by a reduction of both the preva- 
lence of VPCs and late potentials in patients with acute 
myocardial infarction. 
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Relation of infarct artery patency to myocardial 
electrical stability: Frequent and complex ventricular 
ectopy have been recognized as significant and indepen- 
dent adverse pragnostic factors in patients after myo- 
cardial infarction.4°-!°!! However, the influence of 
thrombolysis on ventricular ectopy after infarction re- 
mains poorly defined. 

Theroux et al!” retrospectively analyzed the ambu- 
latory electrocardiographic data recordings in patients 
after infarction treated with either intravenous strep- 
tokinase or conventional therapy. Patients receiving 
thrombolytic therapy had a significantly lower preva- 
lence of ventricular ectopic activity than those treated 
conventionally. Similar findings were reported by Turi- 
to et al,!> who also demonstrated a significantly lower 
prevalence of both VPCs (3.2 vs 6.4 VPCs/hour; p 
<0.05) and complex ventricular arrhythmia (p <0.01) 
in patients with a patent versus occluded infarct-related 
vessel. In the present study, infarct artery patency was 
also associated with a reduction in spontaneous ventric- 
ular ectopy, but only demonstrated a trend toward de- 
creased complex ventricular ectopy (Table HI). 

Late potential activity is also associated with an ad- 
verse prognosis when detected in the recovery phase of 
acute myocardial infarction.!4-!© Recent evidence sug- 
gests that thrombolytic therapy may enhance electrical 
stability and reduce the prevalence of late potentials 
in the postinfarct period.!’-!9 In the study by Gang 
et all! signal-averaged electrocardiography performed 
within 48 hours of infarction revealed a significantly 
lower prevalence of late potentials in patients receiving 
recombinant tissue-type plasminogen activator than in 
those receiving conventional therapy (5 vs 23%; p 
<0.01). Importantly, late potentials were present in 
only 14% compared with 33% of patients with a patent 
vs occluded infarct-related artery. Similar data have 
been reported by Vatterott et al! and Zimmerman 
et al.!? 

Although other investigators have not confirmed 
these findings,'2° the use of different thrombolytic 
agents, differences in the timing of cardiac catheteriza- 
tion and the criteria used to define an abnormal signal- 
averaged electrocardiogram have been postulated as 
factors explaining these divergent results. Nonetheless, 
these data collectively indicate a lower prevalence of 
late potentials in patients following successful throm- 
bolysis. 

Potential mechanisms relating infarct artery paten- 
cy to electrical stability in acute myocardial infarction: 
Recent experimental and clinical studies have shown 
that early reperfusion may improve infarct healing by 
altering myocardial cellular hemorrhage and edema 
formation, and by enhancing washout of toxic metabo- 
lites.2!:22 In addition, successful thrombolysis has been 
associated with improved left ventricular remodeling? 
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and a decrease in left ventricular expansion and aneu- 
rysm formation.24?> These factors appear to lead to a 
more homogenous cellular infarct zone and may par- 
tially explain the resultant stability in the myocardial 
electrical substrate after successful thrombolytic reper- 
fusion 28 

Ventricular ectopic activity, late potentials and time 
from symptom onset to treatment: The greatest mor- 
tality reduction after thrombolytic therapy is noted in 
those presenting within the first hour of symptom on- 
set.* In the current study, early treatment did not result 
in a lower prevalence of ventricular ectopy or late po- 
tentials. However, infarct artery patency was an impor- 
tant determinant of late potential activity regardless of 
the timing of thrombolytic therapy (Table V). AL 
though our data represent a small patient subset, the 
findings suggest an important role of infarct artery pa- 
tency in stabilizing the myocardial electrophysiologic 
substrate even when fibrinolytic therapy ts not initiated 
early after symptom onset. 

Study limitations: Coronary angiography (2.5 + 3 
days) and ambulatory signal-averaged electrocardio- 
graphic (mean 8 + 4 days) evaluations were not ob- 
tained at similar times. Although coronary reocclusion 
may have occurred between the time of angiography 
and noninvasive testing, the impact in the present study 
is expected to be small, since reocclusion after success- 
ful thrombolysis usually occurs early (24 to 48 hours) 
after initiation of therapy.*’ The greater frequency of 
late potentials in patients with an occluded infarct ar- 
tery may be related to the site of infarction (e.g., inferi- 
or location) in this group. Previous studies indicate that 
the signal-averaged electrocardiogram is abnormal in a 
higher proportion of patients with inferior than ante- 
rior myocardial infarction.'+!° This may be due to a 
later depolarization of the inferoposterior segment of 
the left ventricle. However, in this study, infarct loca- 
tion was not a predictor of late potentials by multivar- 
iant analysis. 

Because of the relatively small study size the favor- 
able trends in VPC reduction noted between groups 
precludes definite conclusions regarding prognostic im- 
portance. Also, the criteria for defining abnormal sig- 
nal-averaged electrocardiographic parameters are not 
firmly established.2® The criteria used in the current 
study are based on known prognostic findings in pa- 
tients with sustained ventricular tachycardia at our in- 
stitution.?? 

Conclusion: Thus, improved survival after successful 
thrombolytic reperfusion may be attributable. at least 
in part, to a more favorable arrhythmic risk profile in 
the recovery phase of acute myocardial infarction. 
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Usefulness of QRST Time-Integral Values of 12- 
Lead Electrocardiograms in Diagnosing Healed 
Myocardial Infarction Complicated by Left 
Bundle Branch Block 


Masayoshi Adachi, MD, Hiroshi Hayashi, MD, Makoto Hirai, MD, 
Yasushi Tomita, MD, Yoshio Ichihara, MD, Akira Suzuki, MD, 
Kazumasa Kondo, MD, Haruo Inagaki, MD, and Hidehiko Saito, MD 


The usefulness of QRST time-integral (lors) val- 
ues of 12-lead electrocardiograms for diagnos- 
ing a prior myocardial infarction complicated by 
left bundle branch block (LBBB) was determined. 
The study consisted of 25 patients with LBBB 
(11 with and 14 without myocardial infarction). 
The lagst Values in each lead point of 12-lead 
electrocardiograms were calculated. Data from 
607 normal subjects were used as controls and 
mean + 2 standard deviations was regarded as 
the normal range. The following parameters 
were derived: number of leads less than the nor- 
mal range of Igrst values (nQRST) and sum of 
the differences between the normal mean lorst 
value and lorsr value of a given patient in leads 
where this value was less than the normal range 
(ZQRST). The criteria of nQRST (12-lead) 25 
and ZQRST (12-lead) 2500 V in 12-lead elec- 
trocardiograms were selected on a relative cu- 
mulative frequency distribution and demon- 
strated the presence of a myocardial infarction in 
LBBB with a sensitivity of 82% and a specificity 
of 100% for each. With regard to the localiza- 
tion of the myocardial infarction, the criterion of 
ZQRST (V1.6) 2300 4V in leads V;_, of 12-lead 
electrocardiograms demonstrated the presence 
of an anterior myocardial infarction in the LBBB 
with a sensitivity of 88% and a specificity of 
77%. It was difficult to localize an inferior myo- 
cardial infarction in patients with LBBB by using 
larst Values of inferior leads. This study demon- 
strates the practical usefulness of Igrst values in 
12-lead electrocardiograms for diagnosing prior 
myocardial infarction in the presence of LBBB. 
(Am J Cardiol 1991;68:1417—1423) 
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cardial infarction complicated by left bundle 

branch block (LBBB) is difficult.!-4 Whereas 
various criteria have been proposed>~? for improving the 
diagnostic ability of myocardial infarction complicated 
by LBBB, they are not yet satisfactory.!°-!2 Recently, 
we reported that QRST isointegral maps were useful 
in detecting a myocardial infarction complicated by 
BBB.!3 However, there have been no reports con- 
cerning the clinical usefulness of QRST time-integral 
(Iorsr) values of 12-lead electrocardiograms in diag- 
nosing a myocardial infarction complicated by BBB. 
The latest electrocardiographic recorders equipped with 
analog/digital converters make it easier to calculate 
Iorsr values accurately from 12-lead electrocardio- 
grams. The purpose of this study was (1) to investigate 
whether Iọrsr values in 12-lead electrocardiograms 
could be useful for diagnosing a prior myocardial in- 
farction complicated by LBBB, (2) to compare the di- 
agnostic ability of Igrsr values with that of previously 
reported criteria for diagnosing a prior myocardial in- 
farction complicated by LBBB, and (3) to determine 
whether Iorsr values could localize a prior myocardial 
infarction complicated by LBBB. 


A 12-lead electrocardiographic diagnosis of myo- 


METHODS 

Patients: Patients who had complete LBBB in 12- 
lead electrocardiograms!* and who visited ovr hospital 
were included in the present study if (1) a complete 
medical history was obtained, and (2) there were no 
obvious underlying heart diseases except for myocardial 
infarction assessed by routine examinations including 
echocardiography and Doppler echocardiography. In 
all, 25 patients had LBBB. Fourteen (9 men and 5 
women; mean age 66 years) were free from obvious 
underlying heart diseases (LBBBy group). A myocar- 
dial infarction was ruled out by echocardiographic find- 
ings such as wall motion, thickness and systolic thicken- 
ing, thallium-20] (T1-201) scintigraphy and coronary 
arteriography when necessary. The remaining 11 pa- 
tients with LBBB (9 men and 2 women; mean age 68 
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TABLE | Normal Mean !grst Values in Six Groups 
Z der-Aged Group (> 70 years) 














Men 
(n = 126) 


wen Women 
wv = 32) (n = 35) 


41 + 14 
Il 60 + 23 





56 + 22 722425 





H 19 + 25 19 + 21 23 + 28 
aVR -50 + 14 ~47 + 20 —6i + 18 
aVL ll +17 9 +21 13 + 21 
aVF 39 + 23 37 +17 48 + 25 
Vi 7+ 28 —11215 2227 
V2 72+ 41 33 + 27 81 + 48 
V3 117 + 46 80 + 28 129 + 49 
Va 119+ 41 90 + 27 133 + 47 
V5 98 + 30 85 + 25 109 + 37 
V6 67 + 23 62 +17 73 + 25 


years) had a tistory of myocardial infarction (LBBB 
group). A dizgnosis of myocardial infarction was ob- 
tained by a kstory of prolonged chest pain accompa- 
nied by ST-T changes and elevation of creatine phos- 
phokinase, arx the location of the myocardial infarction 
was confirme= by either a transmural perfusion defect 
on Tl-201 myocardial scintigraphy or wall motion ab- 
normalities on left ventriculography. The time at which 
the myocardial infarction occurred ranged from 1 
month to 8 years (mean 3 years) before the study in 
LBB grous. The location of the myocardial infarc- 
tion was anteror in 8 and inferior in 3 patients in the 
LBBBm1 grou. 

QRST time-integral values of 12-lead electrocar- 
diograms: Igasr values in each lead point of 12-lead 
electrocardiograms were calculated from the multi- 
plexed data recorded simultaneously by an HPM-6500 
(Chunichi Deshi, Japan) with a sampling interval of 1 
ms. Because tte precise method to calculate Iorsr val- 
ues has been reported elsewhere,'>-!© we will describe it 
only briefly. We processed the calculation of Igrsr val- 
ue as follows (1) One QRST complex was selected 
from recorded data. (2) Two-point baseline adjustment 
by choosing tæ flat portion of the TP segment before 
the P and afier the T deflection was performed. (3) 
Time instants of QRS onset and T offset were deter- 
mined manua_y using lead II of the magnified electro- 
cardiogram. (4) Iorsr value for each lead as the alge- 
braic sum of cl potentials from the QRS onset to T 
offset multiplizd by the sampling interval was calculat- 
ed. The normal mean Igrsr values were derived from 
data obtained "rom 607 normal subjects registered in 
the Japanese Circulation Society Task Force Commit- 
tee on Criterie for Body Surface Mapping,'’ who were 
free from cardi>vascular diseases by routine clinical ex- 
amination incæding 12-lead electrocardiograms. Nor- 
mal persons w2re divided into 6 groups according to 
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Middle-Aged Group (40 years to 70 years) 


Values are mean= standard deviation {uV}. 
larst = QRST tin- integral. 





Younger-Aged Group (< 40 years) 









Men 
(n = 218) 


Women 
{n = 94) 


Women 
(n = 102) 










16 + 24 39 + 31 26 + 20 












-52 + 18 -63 + 22 -49 + 19 
14+ 1¢ 2 + 22 Se 15 
39 + 22 61 + 29 44 + 20 

-12+18 0+ 29 —16+18 
38 + 31 59 + 63 15 + 37 
82 + 37 101 + 72 66 + 46 
92 + 33 126 + 60 79 + 46 
85 + 29 104 + 42 74+18 
62 + 21 72 + 28 57 + 23 





age and gender. The normal Iorsr values in each group 
are listed in Table I. 

When the Iọgsr value in each lead point was less 
than the normal mean — 2 standard deviations of the 
corresponding normal group, the reduction was consid- 
ered statistically significant. The following parameters 
were then derived: number of leads less than the nor- 
mal range of Igrstr values (nNQRST); and sum of the 
differences between the normal mean Iorsr value and 
Iorsr value of a given patient in leads where this value 
was less than the normal range (SQRST). To diagnose 
the presence of myocardial infarction in patients 
with LBBB, we calculated the nQRST (12-lead) and 
ZQRST (12-lead) in 12-lead electrocardiograms. To 
diagnose the localization of the myocardial infarction 
in patients with LBBB, we subsequently calculated 
the nQRST ON: zl ZQRST (Nal nQRST (Il, M 
and aVF) and ZQRST (II, IJ and aVF) in leads Vi, 
or H, HI and aVF of 12-lead electrocardiograms. 

The 12-lead electrocardiograms of all patients were 
examined to determine if they satisfied the previously 
proposed criteria, such as Cabrera’s sign,® for the diag- 
nosis of a myocardial infarction in the presence of 
LBBB by 2 cardiclogists unaware of the subjects’ clini- 
cal data. 

Statistical analysis: Sensitivity, specificity, positive 
and negative predictive values, and diagnostic accuracy 
were determined for each test criterion and expressed 
as a percentage. Data were expressed as mean + stan- 
dard error of the mean. A relative cumulative frequen- 
cy distribution was used to determine the diagnostic cri- 
teria for detecting complicated myocardial infarction by 
the parameters, nNQRST and ZQRST. To compare the 
difference of mean values of nQRST or ZQRST be- 
tween groups, analysis by Student’s ¢ test was per- 
formed. The null hypothesis was rejected when the p 
value was <0.05. 
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RESULTS 

Diagnosis of myocardial infarction in patients with 
left bundle branch block: LEFT BUNDLE BRANCH BLOCK 
COMPLICATED BY MYOCARDIAL INFARCTION: Igrsr values 
and 12-lead electrocardiograms of a representative case 
of LBBB complicated by myocardial infarction are 
shown in Figure 1. In this case there was a perfusion 
defect of the T1-201 scintigram in the anteroseptal wall. 
The patient was 65 years old and the Loser values 
in leads I], aVF and V>_5; were below the normal 
range corresponding the middle-aged male grcup. The 
nQRST (12-lead) was 6, and ZQRST (12-lead) 667 
pV in this case. 

LEFT BUNDLE BRANCH BLOCK UNCOMPLICATED BY MYO- 
CARDIAL INFARCTION: Igrsr values and 12-lead electro- 
cardiograms of a representative case of LBBB uncom- 
plicated by myocardial infarction are shown in Figure 
2. The Tl-201 scintigram revealed no perfusion defect. 
The patient was 72 years old and the nQRST (12-lead) 


[QRST 
(uVsec) 


[QRST 
(u Vsec) 


1 -A 201 


SDa 


aV nR B —11.4 


aVL oe 


21.4 V5 


34.4* 


aVF ~y—IL-105* Ve Ji 39.5 


` poo O.258C 





FIGURE 1. QRST time-integral {lqrsr) values and 12-lead 

rdiograms of a representative patient with left bundle 
branch biock complicated by an anterior myocardial infarction. 
Loser Value in leads H, aVF and V2_5 were less than the normal 
range (*). The number of leads less than the normal range of 
lorst Values {((nQRST) (12-lead)} was 6, the sum of the differ- 
ences between the normal mean larsy value and lorsr value of 
a given patient in lead where this value was less than the nor- 
mal range {(2QRST) (12-lead)} was 667 4V, nQRST ON: el 
was 4, and ZQRST (Vis) was 539 ch, 





was 0; SQRST (12-lead) was O nV in this case, corre- 
sponding the older-aged male group. 

DIAGNOSTIC ABILITY FOR DIAGNOSING MYOCARDIAL IN- 
FARCTION COMPLICATED BY LEFT BUNDLE BRANCH BLOCK: 
Figure 3 shows that the nQRST (12-lead) and 
ZQORST (12-lead) were significantly greater in the 
LBBBmy group (5.7 + 0.7, 641 + 76 uV) than in the 
LBBBy group (2.1 + 0.4, 167 + 30 nV) (p < 0.001). 
The criterion of nQRST (12-lead) =5 was selected on 
the statistical basis for detecting myocardial infarction. 
The diagnostic ability on this criterion showed a sensi- 
tivity of 82%, a specificity of 100% and a diagnostic 
accuracy of 92%. With regard to ZQRST (12-lead), 
the criterion of [QRST (12-lead) =500 uV was select- 
ed on the statistical basis. With use of this criterion, the 
diagnostic ability was not improved (Table IJ). 

Localization of myocardial infarction in patients 
with left bundle branch block: Because we obtained a 
considerably high diagnostic ability in diagnosing a 
myocardial infarction with Igrsr values, we examined 
whether the Iorsr values of 12-lead electrocardiograms 
could diagnose not only the presence but also the site of 
a myocardial infarction in the presence of LBBB. 

ANTERIOR MYOCARDIAL INFARCTION: NQRST (Ni al 
showed no significant difference between patients with 
LBBB with (3.6 + 0.5) and without (2.4 + 0.4) an 


Iarst 
(uVsec) 


Į aAA 67.2 


H A -9.5 


aVR yo —59.0 


aVL mAn 37.7 


Ve ise 91.0 


Ki 0.29580 


aVF aiel 20.8 


FIGURE 2. lorsy and 12-lead electrocardiograms of a repre- 

sentative patient with left bundle branch block uncomplicated 
by a myocardial infarction. The nQRST (12-lead) was 0, and 

ZQRST (12-lead) was 0 nV. Abbreviations as in Figure 1. 
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TABLE II Diag=>stic Ability of nQRST (12-lead) and SQRST 
(12-lead) in idertifying Myocardial Infarction Complicated by 
Left Bundle Brarch Block 


nQRST (12-lead} ZQRST (12-lead) 


EL > 500 nV 
Sensitivity (%) 82 


Specificity (%) 100 
Predictive value t+) (%) 100 
Predictive value t~) (%) 88 
Diagnostic accurecy (%) 92 
Predictive value (~ = predictive value of a positive test; Predictive value (=) = 


predictive value of a regative test. 
See text for explanz tion of nQRST and SQRST. 


anterior myozardial infarction. However, 2QRST 
ON: el was sigrificantly greater in patients with LBBB 
with (506 + 92 nV) than without (230 + 49 uV) ante- 
rior myocardia infarction (p <0.01) (Figure 4). The 
criterion of BORST (V-65) 2300 aV was selected on 
the statistical basis for detecting an anterior myocardial 
infarction. The diagnostic ability of the criteria showed 
a sensitivity of 88%, a specificity of 77%, and a diag- 
nostic accuracy of 80% (Table III). 

INFERIOR M'rOCARDIAL INFARCTION: NQRST (J1, III 
and aVF) and ZQRST (II, III and aVF) showed no 
significant diffe-ence between patients with LBBB with 
(1.3 + 0.3, 78 + 32 uV) and without (0.7 + 0.2, 46 + 
16 aV) inferior myocardial infarction, respectively 
(Figure 5). 

DIAGNOSTIC «BILITY OF OTHER ELECTROCARDIOGRAPHIC 
CRITERIA FOR DIAGNOSING MYOCARDIAL INFARCTION COM- 
PLICATED BY LEFT BUNDLE BRANCH BLOCK (TABLE Iv): The 
following 5 sigms previously proposed in published re- 
ports were examined in our series; (1) initial notching 


nQRST( 12-leed ) 


P<0.001 


2QRST (12-iead ) 
1000 


900 


700 


500 


0 


LBBB-N LBBB -MI 


LEBB-MI 








of the R wave in leads I, aVL and Ve (Chapman and 
Pearce’); (2) notching 0.04 second in duration in the 
ascending limb of the S wave of leads V3_5 (Cabrera 
and Friedland®); (3) notching of the first 0.04 second of 
the QRS complex in leads II, HI and aVF (notching)'; 
(4) Q wave >0.03 second in duration in leads I, aVL 
and V5 or V$; £5) Q wave >0.03 second in duration 
in leads II, III and aVF.3* The diagnostic ability of the 
5 signs were calculated and are listed in Table IV. The 
sensitivity of all signs for diagnosing a myocardial in- 
farction tended to be low and were variable, ranging 
from 9 to 46%. 


DISCUSSION 

In this study we showed that the localized abnor- 
malities due to a prior myocardial infarction can be de- 
tected in the presence of LBBB by Iorsr values of 12- 
lead electrocardiograms. It has been reported that 12- 
lead electrocardiographic diagnosis of a myocardial 
infarction complicated by BBB, especially LBBB, is 
difficult.!-4 Various electrocardiographic criteria have 
been proposed to improve the diagnostic ability of myo- 
cardial infarction in the presence of LBBB (Table 
IV).>°-? In the present study, the sensitivity of Iorst 
values in 12-lead electrocardiograms for identifying 
myocardial infarction complicated by LBBB was supe- 
rior to the previously reported criteria including Ca- 
brera’s sign and the Q wave in leads I, aVL, V; or Ve 
(82 vs <46%). 

There have been many reports concerning the use- 
fulness of body surface mapping in diagnosing myocar- 
dial infarction undetectable by 12-lead electrocardio- 
grams. 181? Hirai et all experimentally showed the pos- 


P<0.001 
E ae 


FIGURE 3. Plots of nQRST (12-lead) (left 
panel) and ZQRST (12-lead) (right panel) in 
patients with LBBB who had a history of 
myocardial infarction (LBBB); group) (n= 11) 
and patients with LBBB who were free from 
underlying heart diseases (LBBB, group) 

{n = 14) groups. The nQRST (12-lead) and 
ZQRST (12-lead) were significantly greater in 
the LBBB than the LBBB, group (p 
<0.001). The criteria of nQRST (12-lead) 25 
(dashed line in left panel) and ZTQRST (LZ. 
lead) 2500 4V (dashed line in right panel) 
were selected on the statistical basis for diag- 
nosing a myocardial infarction complicated by 
LBBB. Bars represent mean + standard error 
of the mean. Other abbreviations as in Figure 


LBBB:N 
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sibility of using DOR ST isointegral maps for detecting 
a myocardial infarction in the presence of LBBB. 
QRST isointegral maps were introduced by Abildskov 
et al?!22 and are based on the concept of ventricular 
gradient.? It has been reported that the ventricular 
gradient,” the vector of time-integral of the QRST 
loop, is largely independent of activation sequence and 
dependent on recovery properties. Recently, we demon- 
strated that QRST iscintegral maps are highly useful 
in diagnosing myocardial infarction complicated by 
BBB.!? The rationale for using QRST isointegral maps 


FIGURE 4. Plots of nQRST ON: ol (left panel) 
and ZQRST (Ni ei (right panel) in the LBBB 
group with (n = 8) and without an anterior 
myocardial infarction (n = 17). The nQRST 
IN: ai was not significantly different (NS) be- 
tween patients with and without an anterior 
myocardial infarction. However, the TQRST 
DN: al was significantly greater in the LBBB 
group with than without an anterior myocar- 
dial infarction (p <0.01). The criterion of 
ZQRST (Na ol 2300 4V (dashed line in right 
panel) was selected on the statistical basis for 
diagnosing an anterior myocardial infarction 
complicated by LBBB. Bars represent mean 
+ standard error of the mean. Other abbrevi- 
ations as in Figure 1. 


LBBB with 
ant.Mi 


nNQRST OO avr) 


FIGURE 5. Plots of nQRST (Hl, HI and aVF) 
(left panel) and ZQRST (il, Wl and aVF) (right 
panel) in the LBBB group with (n = 3) and 
without an inferior myocardial infarction 

(n = 22). The nQRST (ll, HI and aVF) and 
ZQRST (Il, lll and aVF) in the LBBB group 
did not differ significantly (NS) between the 2 
groups. Bars represent mean + standard er- 
ror of the mean. Abbreviations as in Figure 1. 


TABLE III Diagnostic Ability of SQRST (Ni. ei in Identifying 
Anterior Myocardial Infarction Complicated by Left Bundle 
Branch Biock 


LQRST (Ni. ei 
> 300 pV 


Sensitivity (%) 
Specificity (%) 
Predictive value (+-) (%) 
Predictive value (~—-) (%) 
Diagnostic accuracy (%) 


Abbreviations as in Tabte H. 





ZQRST(V1-6) oo. 
EE 


LBBB without 
antMi 


LBBB without 
ant Mi 


LBBB with 
ant Mi 





NS 2QRST(Ilave) NS 
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LBBB without 
inf Ml 


LBBB without 
mt Mi 


LBBB with 
mt Mi 


LBBB with 
mi A 
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TABLE IV Diagnostic Ability of Previously Reported Criteria in Identifying Myocardial infarction Complicated by Left Bundle Branch 


Block (n = 25 
12-Lead ECG Criteria 


Chapman? Cabrerat 


Chapman = initia notching of the R wave in leads I, aVL and Ve. 


Notching!+ 


ZQRST (12-lead) SGQRST Ni ei 


Q-1,L,V657-9  Q2,3,F38 2300 pv 


tCabrera = notc 17g 0.04 second in duration in the ascending timb of the S wave of Kos V3-5. 


tNotching = not: ing of the first 0.04 second of the QRS complex tn leads I, ttl and aV 


Ant. = anterior; Da = diagnostic accuracy; ECG = electrocardiographic; Inf. = inferior; MI = myocardial infarction; PV (+) = predictive value of a positive test; PV (—) = predictive 
value of a negative est; Q-1,L,Ve = Q wave > 0.03 second in duration in leads |, aVL, Vs or Ve; Q-2,3,F = Q wave > 0.03 second in duration in leads I, H and aVF; SN = sensitivity; 


SP = specificity. 


for diagnosinz myocardial infarction with an abnormal 
activation seqience is that the localized abnormalities 
of recovery properties due to myocardial infarction 
should be marifest in QRST isointegral maps indepen- 
dent of activation sequence. In this study, we applied 
the same rat:onale to Iorsr values of 12-lead electro- 
cardiograms, the advantages of which are easier, more 
simple and prectical compared with body surface maps. 

The diagrestic ability of Iorsr values in this study 
was superior :o the previously proposed criteria. The 
sensitivity, spzcificity and diagnostic accuracy provided 
by the criterscn of BORST (12-lead) for detecting a 
myocardial scfarction complicated by LBBB using 
Iorsr values were 82, 100 and 92%, whereas the diag- 
nostic ability of the previous criteria for detecting a 
myocardial infarction were poor in this study. Although 
we observed a high diagnostic ability for detecting the 
presence of mvocardial infarction with Log sr values, it 
was difficult D localize an inferior myocardial infarc- 
tion. There are several reasons for the difficulty in diag- 
nosing an interior myocardial infarction using Lopert 
values. First, 2 voltage of an electrocardiogram in the 
inferior leads is relatively low. Second, even normal 
subjects have Q waves and negative T waves in the 
inferior leads.“ These factors may decrease Loser val- 
ues in the inferior leads. In addition, in some patients 
with an inferer myocardial infarction, a diagnostic Q 
wave in any inferior lead cannot be seen.25 However, 
some patients. with an inferior myocardial infarction 
showed abnormally low Igrsr values in precordial leads 
and thus satisfied the criteria for the presence of myo- 
cardial infarction. Coexisting myocardial ischemia or fi- 
brosis of the anterior wall in addition to an inferior 
myocardial irfarction*® may produce abnormally low 
Iorsr values, because patients with BBB occasionally 
have an advarced coronary heart disease?’ and often 
are elderly. 

Study limi-ations: First, the diverse conditions asso- 
ciated with LEBB suggest that a nonspecific pathologic 
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process may also be common to most etiologic factors. 
We could not definitely rule out the possibility that pa- 
tients with LBBB without myocardial infarction were 
in a pathologic process due primarily to aging. Such a 
condition would mimic an infarction, resulting in the 
Torst values lower than the normal mean — 2 standard 
deviations. Second, because this study group was rather 
small, further study with larger patient populations are 
needed to confirm the validity of the findings. 

Clinical implications: This study demonstrates the 
practical usefulness of Iorsr values of 12-lead electro- 
cardiograms in diagnosing myocardial infarction com- 
plicated by LBBB. Although QRST isointegral maps 
have shown a high diagnostic ability to diagnose myo- 
cardial infarction complicated by LBBB,!? the method 
is cumbersome. The Loser values of 12-lead electrocar- 
diograms, as proposed in this study, are practical and 
have better diagnostic ability than the criteria previous- 
ly proposed. Igrst values of 12-lead electrocardio- 
grams, which will be obtained more easily and ac- 
curately by the latest electrocardiographic recorders 
equipped with A/D converters, may provide new infor- 
mation on electrocardiographic diagnosis. 


Acknowledgment: We gratefully acknowledge the 
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Effects of High-Density Lipoprotein on 
Acetyicholine-Induced Coronary Vasoreactivity 


Frederick E. Kuhn, MD, Emile R. Mohler, MD, Lowell F. Satler, MD, Kathleen Reagan, MD, 
David Y. Lu, MD, and Charles E. Rackley, MD 


Recent evidence suggests that high-density lipo- 
protein (HDL) cholesterol has important vasoac- 
tive properties which may contribute to its bene- 
ficial effects on atherosclerotic coronary artery 
disease. The endothelium-dependent vasodilator 
acetylcholine has been used in a number of ex- 
perimental studies to assess endothelial function. 
The relation between serum lipoproteins and 
acetyicholine-induced coronary vasoreactivity 
was investigated in patients (n = 27) undergoing 
elective coronary arteriography. Mean serum 
cholesterol, low-density lipoprotein cholesterol, 
HDL cholesterol and triglyceride levels were 189 
+ 7 (4.84 + 0.18 mmol/liter), 134 + 6 (3.47 + 
0.15 mmol/liter), 41 + 3 (1.06 + 0.08 mmol/ 
liter) and 106 + 30 mg/dl (1.20 + 0.03 mmol/ 
liter), respectively. After a baseline arteriogram, 
acetyicholine was infused into the left main coro- 
nary artery and percent change from baseline di- 
mension was determined in 27 angiographically 
smooth coronary artery segments and in 14 ar- 
terial segments with evidence of mild atheroscle- 
rotic disease. Intact vascular smooth muscle 
function was then confirmed in all segments by 
dilation to intracoronary nitroglycerin. Acetyl- 
choline produced significant vasoconstriction of 
both angiographically smooth (13 + 4%, p 
<0.05 vs baseline) and diseased (19 + 4%, p 
<0.05 vs baseline) coronary segments. A posi- 
tive correlation was observed between HDL. cho- 
lesterol and normal acetyicholine-induced coro- 
nary vasoreactivity in both angiographically 
smooth (r = 0.59, p <0.001) and diseased 

(r = 0.62, p <0.02) coronary segments. No sig- 
nificant correlation was observed, however, be- 
tween total and low-density lipoprotein choles- 
terol, or between total cholesterol to HDL ratio 
and the response of coronary artery diameter to 
acetylcholine infusion. These findings suggest 
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that HDL cholesterol promotes normal endotheli- 
al cell function in both normal and atherosclerot- 
ic coronary segments. This beneficial effect may 
he related to a direct effect of HDL on release of 
endothelial-derived relaxing factor or may be 
secondary to its effects on endothelial cell prolif- 
eration. Thus, while HDL has important antiath- 
erogenic properties, the clinical benefit of HDL 
elevation may be related, in part, to its effects on 
endothelial function and coronary vasoreactivity. 
(Am J Cardiol 1991;68:1425-1430) 


tween low levels of high-density lipoprotein 

(HDL) and the incidence of atherosclerotic cor- 
onary events, whereas pharmacologic elevation of HDL 
was associated with a reduction in the incidence of fatal 
and nonfatal myocardial infarctions in the Helsinki 
Heart Study.* The beneficial effect of HDL has been 
attributed to its role in reverse cholesterol transport; 
however, recent data suggest that HDL has other bene- 
ficial vascular properties including antithrom>otic,* and 
prostacyclin-stabilizing activity.-© In addition, HDL 
has been shown to significantly enhance vascular endo- 
thelial cell proliferation.’ Recently, a relation has been 
established between elevated serum cholesterol and ab- 
normal vasoconstrictor response to the endotnelium-de- 
pendent vasodilator, acetylcholine.*-!! Previcus in vitro 
studies!2:!3 on the effect of HDL on coronary vasoreac- 
tivity have yielded conflicting results. We sought to de- 
termine the relation between HDL cholesterol and cor- 
onary endothelial function by examining the correlation 
between serum lipoproteins and effect of acetylcholine 
on angiographically determined coronary artery diame- 
ter in humans. 


E pidemiologic data! have established a link be- 


METHODS 

Patient selection: The study protocol was approved 
by the Georgetown University Investigational Review 
Board. Informed consent was obtained from patients 
who had been scheduled to undergo their first elective 
cardiac catheterization for evaluation of possible coro- 
nary artery disease. To minimize the risks of acetylcho- 
line-induced coronary occlusion or heart block, subjects 
were excluded if hemodynamically significant coronary 
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artery disease (>50% diameter reduction of a major 
epicardial coronary artery) or a left dominant coronary 
circulation were noted at the time of catheterization. 
Twenty-seven patients met these criteria and constitute 
the study group. 

Study proiocol: All vasoactive medications were 
withheld >24 hours before cardiac catheterization. Af- 
ter an overnight fast, coronary arteriography was per- 
formed using standard angiographic catheters. Heparin 
(3,000 U) was administered intravenously; however, ni- 
troglycerin or dther vasoactive agents were not adminis- 
tered during catheterization. A baseline angiogram of 
the left coronery artery was then recorded using 6 to 8 
ml ionic contrast (Berlex, Wayne, New Jersey) power- 
injected (Med-Rad, Pittsburgh, Pennsylvania) at a rate 
of 5 to 6 ml/s After completion of the baseline angio- 
gram, acetylcholine was infused according to the meth- 
od of Werns et al.!4 Briefly, a 0.2 mM solution of ace- 
tylcholine was infused at 0.8 ml/min for 3 minutes into 
the coronary cstium through the angiographic catheter 
using an infusion pump (Harvard Instruments, S. Na- 
tick, Massachusetts). At the completion of the infusion, 
a post-acetylcnoline angiogram was then recorded in 
the same projection using the same rate and volume of 
contrast matezial. A second dose of acetylcholine (1.6 
ml/min) was then infused followed by a third angio- 
gram. A final angiogram was then performed after the 
intracoronary administration of nitroglycerin (200 ug). 
Angiograms vere primarily recorded in a cranial right 
anterior oblique projection and tightly collimated to im- 
age only the proximal and mid-left anterior descending 
or circumflex coronary artery. The position of the im- 
age tube remained constant throughout each study in 
order to minimize magnification errors. Pincushion dis- 
tortion was m nimized by keeping the arterial segment 
of interest within the central third of the image field 
and panning was not performed in order to minimize 
motion artefact. 

Angiograptic analysis: Angiographic analysis was 
performed using a previously validated computer-assist- 
ed edge-detecion system!’ (ADAC Laboratories, San 
Diego, California). In our laboratory this system has 
been found to have high degree of reproducibility with 
low interobserver (r = 0.98, standard error of the esti- 
mate = 0.09) and intraobserver (r = 0.98, standard er- 
ror of the estimate = 0.09) variability. Analysis was 
performed by an investigator who was unaware of both 
the interventicn and the lipid profile results. An angio- 
graphically smooth segment of the left anterior de- 
scending or cizcumflex coronary artery, which was free 
of any overlapping or branch vessels, was identified in 
each subject. Segment diameter was determined at 
baseline after both acetylcholine infusions and nitro- 
glycerin administration. Images were calibrated using 
the measured diameter of the catheter, and absolute 
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vessel diameter was determined as the average of 3 
measurements. The higher dose of acetylcholine always 
produced a greater degree of vasoconstriction or vasodi- 
lation in each individual subject. Therefore, the effect 
of the maximal dose of acetylcholine on segment diam- 
eter was expressed as percent change from baseline for 
each subject. A total of 14 segments with angiographic 
evidence of coronary artery disease were observed with- 
in the sections of coronary arteries imaged in this study. 
These segments contained primarily mild luminal irreg- 
ularities or stenosis that did not exceed 25% diameter 
reduction. The response to acetylcholine in each dis- 
eased segment was determined at the site of minimal 
luminal diameter and expressed as a percent change 
from baseline. 

Serum lipid analysis: Fasting venous blood was ob- 
tained before heparinization from the femoral sheath at 
the time of catheterization. Total cholesterol and tri- 
glycerides were determined by fluorescence spectros- 
copy using a commercially available reagent system 
and analyzer (Abbott Laboratories, Chicago, Illinois). 
HDL was determined using similar methods after pre- 
cipitation of low-density lipoprotein (LDL) and very 
low density lipoprotein with high molecular weight 
dextran. LDL was then calculated according to the 
Friedewald formula.!® 

Statistical analysis: Data are presented as mean + 
standard error of the mean. Student’s ¢ test was used to 
evaluate the effect of acetylcholine on systemic hemo- 
dynamics and coronary artery diameter. Correlations 
between vasoreactivity and lipid levels were performed 
using linear regression analysis. Comparisons were con- 
sidered statistically significant at p <0.05. 


RESULTS 

Patient characteristics: The study population con- 
sisted of 20 men and 7 women (mean age 53 + 2 years 
[range 34 to 70]). Angiography was performed to eval- 
uate atypical chest pain in 14, chest pain consistent 
with angina in 7, and an abnormal exercise test in 4 
asymptomatic subjects. One patient underwent coro- 
nary arteriography for unexplained dyspnea and | for 
evaluation of mitral regurgitation. Lipid profile results 
and response of individual patients to acetylcholine are 
listed in Table I. 

Systemic hemodynamics: Acetylcholine infusion 
had no effect on systemic hemodynamics. Heart rate 
before and after acetylcholine infusion was 72 + 3 and 
72 + 4 beats/min (p = not significant), respectively, 
whereas mean aortic pressure was 94 + 4 mm Hg at 
baseline and 92 + 3 mm Hg (p = not significant) after 
acetylcholine infusion. 

Effect of acetylcholine on coronary artery diameter: 
Acetylcholine significantly reduced the diameter of an- 
giographically smooth coronary segments 13 + 4% (p 
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TABLE I Lipids and Response to Acetyicholine 


Risk Factors Lipids (mg/dl) 
Pt. Age (yr) 


No. &Sax SH CS DM FH TC LDL 


70M 
46 F 
66 M 
61 F 
6l F 
69M 
40 M 
56M 
35M 
7OF 
51M 
48 F 
40 F 
48M 
55 F 
66M 
68 M 
55M 
69M 
34M 
53 M 
44M 
60M 
SIM 
48 M 
44M 
34M 
Mean 53 + 2 
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<0.05 vs baseline) and diseased segments 19 + 4% (p 
<0.05) from baseline values (Figure 1). All segments 
dilated (smooth 18 + 3%, diseased 12 + 4%) after the 
administration of intracoronary nitroglycerin confirm- 
ing intact smooth muscle vasodilatory capacity. No cor- 
relation was observed between response to acetylcholine 
and nitroglycerin in individual segments, suggesting 
that the response of segments to acetylcholine was due 
to its endothelium-dependent actions and not related to 
a nonspecific effect on smooth muscle. 


FIGURE 1. Effect of intracoronary acetyl- 
choline (solid bars) and nitroglycerin 
(TNG) (open bars) on coronary artery di- 
ameter in angiographically smooth seg- 
ments and segments with evidence of cor- 
onary artery disease. Base = baseline 
value. 
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Serum lipids and coronary vasoreactivity: A signifi- 
cant positive correlation (r = 0.59, p <0.001) was ob- 
served between HDL cholesterol and the effect of ace- 
tylcholine on the diameter of angiographically smooth 
coronary segments (Figure 2). Subjects with a normal 
vasodilatory response to acetylcholine had significantly 
(p <0.001) higher HDL values (54 + 6 mg/dl, 1.40 + 
0.04 mmol/liter) than those with an abnormal vasocon- 
strictive response (38 + 2 mg/dl, 0.99 + 0.05 mmol/ 
liter). A positive correlation (r = 0.62, p <0.02) was 
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also observed between HDL cholesterol and the effect 
of acetylchoine on the diameter of diseased coronary 
segments (F_gure 3). However, no significant relation 
was observed between acetylcholine-induced vasoreac- 
tivity and teal or LDL cholesterol in either smooth or 
diseased segrnents. An inverse correlation between total 
to HDL cho esterol ratio and diameter response to ace- 
tylcholine was observed in smooth (r = —0.33, p = 
0.09) and xiseased (r = —0.46, p = 0.10) segments; 
however, these correlations did not achieve statistical 
significance No correlation was observed between oth- 
er cardiovascular risk factors and response to acetylcho- 
line (Table I). 


DISCUSSION 

A link hes been established between low HDL and 
the incidence of atherosclerotic coronary events. In the 
Helsinki Heart Study,” a significant reduction in fatal 
and nonfatel myocardial infarction was observed after 
admiunistratscn of gemfibrozil, and increased HDL was 
identified as the single most important predictor of a 
favorable ou come The beneficial effect of HDL is of- 
ten attributed to its role in reverse cholesterol transport. 
Recent data suggest that HDL has other properties 
that may contribute to its salutary effects on coronary 
artery diseasz. Saku et al? demonstrated that HDL has 
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antithrombotic properties. Recently, apolipoprotein A- 
I, the major apolipoprotein component of HDL, has 
been identified as prostacyclin stabilizing factor* and 
reductions in prostacylcin half-life associated with un- 
stable angina and myocardial infarction can be correct- 
ed with HDL supplementation.® In addition, HDL has 
been shown to enhance endothelial cell proliferation.’ 
Prior in vitro studies examining the vasoactive ef- 
fects of HDL have yielded conflicting results.'!*!3 The 
present study is the first to investigate the relation be- 
tween HDL, erdothelial function, and in vivo human 
coronary artery vasoreactivity. A significant correlation 
was observed between HDL cholesterol and normal re- 
sponse of coronary arteries to the endothelium-depen- 
dent vasodilator acetylcholine in both angiographically 
normal and mildly diseased coronary artery segments. 
This finding suggests that HDL cholesterol contributes 
in some manner to endothelial cell integrity and release 
of endothelial-derived relaxing factor. This conclusion is 
consistent with the observations of Tauber et al” who 
demonstrated that HDL cholesterol is a major promot- 
er of endothelial cell proliferation and repair. Thus, the 
beneficial effects of HDL on coronary vasoreactivity 
observed in the present study may be related to the 
enhanced number of functioning endothelial cells from 
which endothelial-derived relaxing factor can be re- 
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FIGURE 2. Relation between serum lipids and response of coronary artery diameter to acetyicholine infusion in angiographically 
smooth coronary segments. HDL = high-density lipoprotein; LDL. = low-density lipoprotein; NS = not significant; TC = totai cho- 


lesterol. 
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leased. HDL-induced increases in prostacyclin produc- 
tion and half-life*-° may also contribute to its beneficial 
effects on coronary vasoreactivity. 

Several animal studies!!.!7.!8 have suggested that el- 
evated cholesterol impairs endothelial function and 
vasoreactivity. However, these studies used atherogenic 
diets that induced extremely elevated cholesterol levels. 
In separate human studies, Vita and Zeiher? and their 
co-workers observed impaired coronary response to ace- 
tylcholine in hypercholesterolemic patients with angio- 
graphically normal coronary arteries. These investiga- 
tors did not, however, examine the relation between 
HDL, LDL and coronary vasoreactivity in their study 
populations. In the present study, no significant correla- 
tion was observed between total cholesterol and coro- 
nary vasoreactivity in either normal-appearing or mild- 
ly diseased coronary segments. This discrepancy may 
be related to differences in study populations as the 
subjects in the present study were older and had rela- 
tively normal total serum cholesterol levels compared 
with those studied by Vita and Zeiher and their col- 
leagues. In addition, the present investigation included 
subjects with mild coronary artery disease, and it is pos- 
sible that the effects of total cholesterol on vasoreactiv- 
ity of coronary arteries is diminished with aging, espe- 
cially as atherosclerosis begins to develop. Thus, in old- 
er patients with early coronary artery disease, HDL 
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may have a stronger influence on endothelial integrity 
than levels of total cholesterol. Indeed, data from the 
Framingham study suggests that HDL, and not total 
cholesterol, is the most important predictor of coronary 
artery disease risk in subjects aged >50 years.!? 

The association between LDL cholesterol and coro- 
nary vasoreactivity remains controversial. Although 
some investigators*®?! have concluded that LDL inhib- 
its endothelium-dependent vasodilation in vitrc, others*4 
have not observed this effect. Recent data? suggest 
that oxidative modification of LDL is required for its 
atherogenic effects and oxidized LDL has been found 
to inhibit endothelium-dependent vasoreactivity in iso- 
lated rabbit aortic strips.2! Whereas the oxidative modi- 
fication of LDL has been shown to occur in vitro, the 
evidence for in vivo generation of oxidized LDL re- 
mains indirect. The present study is the first to inves- 
tigate the effect of LDL cholesterol on in vivo human 
coronary vasoreactivity. No significant relation was ob- 
served between LDL cholesterol and acetylcholine-in- 
duced coronary vasoreactivity in either angiographically 
normal or atherosclerotic coronary artery segments. 

Potential study limitations: For safety consider- 
ations, we excluded patients with hemodynam:cally sig- 
nificant coronary artery disease. It is possible that the 
correlation between HDL and coronary vasoreactivity 
observed in patients with mild disease may not exist in 
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FIGURE 3. Relation between serum lipids and response of coronary artery diameter to acetylcholine infusion in segments with 
evidence of mild coronary artery disease. Abbreviations as in Figure 2. 
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patients witt more advanced coronary artery disease. 
In addition, the total and LDL cholesterol levels of the 
study popule-ion were relatively normal. We cannot ex- 
clude the pcssibility that a significant relation between 
total choles:erol, or LDL cholesterol and coronary 
vasoreactivity may be observed in subjects with more 
abnormal lipd profiles. 
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Effects of Serum Lipid Levels on Restenosis 
After Coronary Angioplasty 


Gregg J. Reis, MD, Richard E. Kuntz, MD, 
David |. Silverman, MD, and Richard C. Pasternak, MD 


Although the association of serum lipid levels 
with the risk of atherosclerosis is well-recog- 
nized, the relation between these levels and re- 
stenosis after coronary angioplasty is uncertain. 
This study examines 186 patients enrolled in a 
trial of fish oil for prevention of restenosis. Fast- 
ing lipid levels (cholesterol, high density lipopro- 
tein (HDL) cholesterol and triglycerides) were 
measured before angioplasty, and in 90 patients 
repeated at 6-month follow-up. Fifty-nine pa- 
tients (32%) developed clinical restenosis con- 
firmed by angiography. Patients who went on to 
develop restenosis underwent multivessel angio- 
plasty (p <0.05) and were more likely to be on 
lipid-lowering therapy at baseline (27 vs 13%: p 
<0.05). In addition, they had higher baseline 
cholesterol/HDL. ratios (6.5 + 2.2 vs 5.9 + 2.0; 
p <0.05) and triglyceride levels (233 + 210 vs 
183 + 112 mg/dl; p <0.05). Multiple logistic re- 
gression analysis confirmed cholesterol/HDL ra- 
tios at baseline (p = 0.021) and follow-up 
(p = 0.0008) to be independent predictors of risk 
for restenosis. Using these data, regression lines 
have been developed that predict risk of resteno- 
sis based on type of procedure and on lipid val- 
ues. These results suggest that serum lipid levels 
may be associated with the risk of clinical reste- 
nosis after coronary angioplasty. 

(Am J Cardiol 1991;68:1431—1435) 
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Ithough the association of serum lipid levels 
A with risk of atherosclerosis is well estab- 

lished,' the relation between these levels and 
the risk of restenosis after coronary angioplasty remains 
controversial. Some studies have suggested that patients 
with hypercholesterolemia** or low levels of high-densi- 
ty lipoprotein (HDL) cholesterol are at increased risk 
for restenosis. However, other studies have failed to re- 
veal any association between lipid levels and resteno- 
sis.5-? These studies varied widely in time of assessment 
of lipid levels, definition of dyslipidemia, patient follow- 
up, and method used to determine restenosis (clinical 
versus angiographic). The present study examines the 
effect of prospectively measured lipids on clinical reste- 
nosis in a cohort of patients undergoing coronary angio- 
plasty. 


METHODS 

Study design: Data from all patients were obtained 
prospectively as part of a randomized trial of fish oil in 
patients undergoing angioplasty,®? which revealed no 
effect of fish oil supplements on restenosis, or total or 
HDL cholesterol levels. The present study was designed 
to more closely analyze the influence of lipid levels on 
restenosis. All aspects of the protocol were approved by 
the hospital’s committee on clinical investigations, and 
informed consent was obtained from all patients. 

Between March 1987 and April 1988, 222 patients 
scheduled to undergo angioplasty at the Beth Israel 
Hospital were enrolled in the study. Exclusion criteria 
included recent significant bleeding, concurrent use of 
oral anticoagulants, angioplasty of a saphenous vein by- 
pass graft, acute myocardial infarction within 5 days, 
use of thrombolytic therapy on the same admission, and 
inability to receive aspirin or to perform a standard 
treadmill exercise test. Thirty-three patients in this 
study receiving lipid-lowering therapy at the beginning 
of the trial were not excluded, but no alteration in 
this therapy was permitted during the 6-month study 
period. 

Of 222 patients enrolled, 204 underwent angioplasty 
(11 dropped out or were excluded before angioplasty, 
and 7 did not undergo angioplasty), of which 186 
(93%) were successful. Multivessel angioplasty was per- 
formed in 62 patients (33%). All patients were treated 
with aspirin (325 mg daily), dipyridamole (50 mg 4 
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TABLE | Baseline Clinical Characteristics 


Restenosis No Restenosis p Value 


127 
58 +9 
79% 
38% 
32% 
63% 
13% 
1.31 + 0.56 


No. of pts. 59 
Age (yrs)* 59 +10 
Male sex 78% 
Unstable angi 3a 32% 

28% 

74% 

27% 
1.53 + 0.59 


Smoking 

Fish oil therary 

Lipid-lowerine therapy 

Number of na rowings 
dilated/pt.* 


*Values represeat mean + standard deviation. 


D EZ 


NS = not signifi ant. 


TABLE II Baseline Lipid Levels 


Restenosis No Restenosis p Value 


59 127 












No. of pts. 









Total cholesterol (mg/dl) 222 + 43 215 + 47 NS 
HDL cholestersl (mg/dl) 37 +10 40212 NS 
Cholesterol/HDL 6.5 + 2.2 5.9 + 2.0 <0.05 
Triglyceride (mg/dl) 2332210. 16394112 <0.05 
LDL cholesterd (mg/dl) 145 + 39 141 + 45 NS 






Values represent mean + standard deviation. wae H 
Ae = high-deesity lipoprotein; LDL = low-density lipoprotein; NS = not signifi- 
cant, 





times daily) end calcium antagonists for the duration of 
the study. Restenosis was identified clinically by the 
presence of recurrent angina or a newly positive exer- 
cise test (=1 mm ST-segment depression at 80 ms af- 
ter the J pomt, or a reversible thallium defect in the 
area of the myocardium supplied by the dilated vessel 
not present on the predischarge study, or both), and 
was confirm2d angiographically as the presence of 
>70% stenoss in a previously successfully dilated seg- 
ment. The investigator performing patient follow-up 
was unaware: of baseline serum lipid levels. 

Lipid and lipoprotein analysis: Fasting blood speci- 
mens were ottained before initiation of fish oil or place- 
bo therapy im all patients (mean 5.2 + 3.2 days before 
angioplasty). In addition, 90 patients had fasting speci- 
mens obtained 6 months after angioplasty. Approxi- 
mately 10 m of blood were collected in a serum sepa- 
rator tube (Corvac, Sherwood Medical, St. Louis, 
Missouri) and were centrifuged at 1,000X g. Serum 
analysis was performed at the clinical chemistry labora- 
tory of Beth srael Hospital, using a COBAS-BIO cen- 
trifugal ona zer (Roche Diagnostic Systems, Nutley, 
New Jersey). Cholesterol and triglycerides were mea- 
sured using a.standard enzymatic assay (Abbott Labo- 
ratories, North Chicago, Illinois); HDL cholesterol was 
measured sirr ultaneously after treatment with magne- 
sium phosphctungstate (Sigma Diagnostics, St. Louis, 
Missouri). T=pical interassay coefficients of variation 
for these asscys were: cholesterol, 1.1% at 246 mg/dl 
and 2.1% at 139 mg/dl; HDL cholesterol, 5.8% at 26 
mg/dl; and triglycerides, 3.5% at 185 mg/dl and 5.5% 
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TABLE IH Lipid Levels in 90 Patients with Follow-Up 
Restenosis 


35 


No Restenosis 


p Value 


No. of pts. 
Baseline 
Total cholestero! (mg/ 
dl) 
HDL cholesterol (mg/ 
di} 
Choiesterol/HDL 
Follow-up 
Total cholesterol (mg/ 
di) 
HDL cholesterol mei 
di} 
Cholesterol/HDL 


54 


229 + 34 213 + 50 


35 +11 42+ 14 


68224 5441.8 


216428 216+ 47 


36215 47214 


6.7 + 2.4 


Values represent mean + standard daviation. 
Abbreviations as in Table H. 


5.0 + 1.7 





at 100 mg/dl. Low-density lipoprotein (LDL) choles- 
terol was calculated using the formula [total cholesterol 
— HDL cholesterol — triglyceride /5], when triglyceride 
was <400 mg/dl. 

Statistical analysis: Data were prospectively collect- 
ed and analyzed using the STATA statistical package 
(Santa Monica, California). All results are presented 
as mean + standard deviation. Comparisons between 
groups with and without restenosis were performed us- 
ing unpaired Student’s ¢ test for continuous variables, 
and the chi-square test for discrete variables. Results 
were considered significant at p <0.05. Logistic regres- 
sion analysis was used to test relations between inde- 
pendent variables and restenosis. 


RESULTS 

Of 186 patients with initially successful angioplasty, 
59 (32%) develcped clinical restenosis (recurrent angi- 
na or positive exercise test, or both) that was confirmed 
by angiography in 56. The remaining 3 patients classi- 
fied as positive for restenosis had both angina and a 
positive exercise test, but refused angiography. Of 127 
patients classified as without restenosis, 12 (6%) un- 
derwent confirmatory angiography. Of the remaining 
115 patients, 104 (90%) were asymptomatic, and 108 
(94%) underwent exercise testing that was negative for 
restenosis. Of 7 patients with neither angiography or 
exercise testing, 6 were asymptomatic; the remaining 
patient had an inferior myocardial infarction 3 months 
after angioplasty of the left anterior descending artery, 
but no subsequent angina. No patients died or were lost 
to follow-up. 

Baseline clinical charécteristics of the groups with 
and without restenosis are listed in Table I. Patients 
who eventually developed restenosis were more likely to 
be on lipid-lowering drugs. In spite of treatment, the 33 
patients on lipid-lowering drugs had significantly higher 
baseline levels of cholesterol, triglycerides, cholesterol / 
HDL ratio and LDL cholesterol. Baseline lipid levels 
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are listed in Table II. There were significant differences 
in triglyceride levels and cholesterol/HDL ratio be- 
tween the groups with and without restenosis. 

Lipid levels in the 90 patients with follow-up lipids 
available are listed in Table III. This group was not 
randomly selected, but was composed of patients for 
whom geographic and personal considerations made a 
return visit feasible. There were no significant differ- 
ences in restenosis rates (40 vs 32%) or baseline lipid 
levels between this subset and the entire group. Because 
of the effect of fish oil on serum triglycerides (mean 
decrease from baseline to follow-up 30%) and LDL 
cholesterol (mean increase 8%), only cholesterol and 
HDL levels, which showed no significant change in the 
patients treated with fish oil, are shown. In these 90 
patients, there were prominent differences in HDL lev- 
els and cholesterol/HDL ratios at baseline and follow- 
up between groups with and without restenosis. 

Multiple logistic regression was used to determine 
the independent correlates of restenosis. For the en- 
tire group, the number of lesions dilated (p = 0.007) 
and the baseline cholesterol/HDL ratio (p = 0.021) 
were independent predictors of restenosis. Sex, cigarette 
smoking, presence of unstable angina, and fish cil ther- 
apy versus placebo were not predictors. For the 90 pa- 
tients available at 6-month follow-up, HDL cholesterol 
level and cholesterol/HDL ratio at the follow-up mea- 
surement correlated with restenosis, and logistic regres- 
sion determined that the ratio was the single best inde- 
pendent predictor (p = 0.0008). Changes in cholesterol, 
HDL or ratio were not predictive of restenosis. 

The actual restenosis rates for patients with various 
levels of cholesterol/HDL ratio are shown in Figure 1. 
Using these data, regression lines curves can be devel- 
oped that predict the probability of restenosis for pa- 
tients undergoing angioplasty (Figure 2). A patient in 
the present study with a baseline cholesterol/HDL ra- 
tio of 6.0 undergoing 1-lesion angioplasty would have a 
risk of clinical restenosis of 26%, whereas the same pa- 
tient undergoing multivessel angioplasty would have a 
risk of 39%. A patient with a baseline ratio of 4.0 
would have risks of 20 and 31%, respectively. Similar 
estimates can be made for risk of restenosis based on 
lipid levels during follow-up. The 45 patients with a 
follow-up cholesterol/HDL ratio >5.5 had a risk of re- 
stenosis of 55%, whereas the 45 with a ratio <5.5 had a 
risk of 24% (p = 0.003). 


DISCUSSION 

A large number of factors predictive of restenosis 
after angioplasty have been identified.'!° These include 
factors intrinsic to the patient (male sex, diabetes, ciga- 
rette smoking and unstable or variant angina), and re- 
lated to the lesion location or morphology (proximal left 
anterior descending artery or vein graft locaticn, total 


occlusion and bend point) and to the procedure (inade- 
quate result after angioplasty). Studies that have exam- 
ined the potential role of serum lipids in the restenosis 
process have been inconclusive.*® Myler et al,> in a 
group of patients undergoing multivessel angioplasty, 
found that those with cholesterol levels >300 mg/dl 
were more likely to have restenosis at all sites; a sepa- 
rate study by Austin et al? found that hypercholesterol- 
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FIGURE 1. Effect of cholesterol /high-density lipoprotein 
(HDL) ratio on clinical restenosis rates for various groups of 
patients. A, baseline ratio, 1-vessel percutaneous transluminal 
coronary angioplasty (PTCA); B, baseline ratio, multivessel 
PTCA; C, follow-up ratio in 90 patients (1- and multivessel 
PTCAs combined). Numbers in parentheses represent num- 
bers of patients in each subgroup. 
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emia was a risk factor in women treated with aspirin. 
Examinatiors of other data” have failed to reveal an 
association tetween lipoprotein levels and restenosis, as 
has a meta-analysis!® of the published studies. How- 
ever, most o these studies have been limited by the 
inability to reasure lipid levels and to obtain follow-up 
data in a p spective cohort of patients; rather, they 
were analyses of a subset of patients from a database 
that had bo and clinical follow-up data available. 

In the present study, serum lipid levels, especially 
cholesterol /EDL ratio, were significant independent 
predictors of risk of restenosis. Although morphologic 
studies of restenosis lesions have generally shown in- 
tense cellula- proliferation without lipid or apolipopro- 
tein accumu ation,!!-!3 there are potential mechanisms 
by which lipid metabolism could influence the cellular 
proliferative -rocess. Balloon angioplasty in a canine re- 
nal artery medel causes an increase in acyl coenzyme 
A:cholestero acyltransferase activity, resulting in in- 
creased cholesteryl ester synthesis.'4 It is possible that 
this increase= cholesterol incorporation reflects a need 
of proliferati-g cells for cholesterol. Inhibition of cho- 
lesterol synttesis with compactin in-vitro prevents cellu- 
lar proliferataon in response to platelet-derived growth 
factor!>; this affect can be reversed by addition of the 
cholesterol precursor mevalonic acid. Additionally, hy- 
percholestercEmia in a pig model reduces the endothe- 
lium-dependeat relaxation to aggregating platelets!®; 
thus, hyperckolesterolemia may delay the already limit- 
ed recovery ct endothelial cell function after balloon in- 
jury.!? Studiez in patients with angiographically normal 
coronary artzries have confirmed that impairment of 
endotheltum-cependent responses is correlated with se- 
rum choleste-al levels.!8 A recent study in the cholester- 
ol-fed rabbit model of restenosis showed a decrease in 
intimal hyperplasia in animals treated with lovastatin.!® 

The presext study has several limitations. Although 
restenosis wa= generally confirmed angiographically, it 
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FIGURE 2. Predicted clinical restenosis 
rates using logistic regression analysis of 
data shown in Figure 1. For any level of 
baseline cholesterol /high-density lipopro- 
tein (HDL) ratio, restenosis is more fre- 
quent with multivessel angioplasty. Corre- 
lation between ratio and restenosis is 
more prominent at follow-up. 


is possible that some asymptomatic patients who did 
not undergo repeat catheterization were misclassified. 
The use of fish oil in two thirds of the patients is a 
potentially confounding factor, although multivariate 
analysis showed no effect of fish oil therapy on resteno- 
sis, and confirmed lipid levels at baseline (before fish 
oil) and follow-up to be independently predictive of re- 
stenosis. Whereas the effect of lipids at follow-up ap- 
pears more striking, these data were obtained in only a 
nonrandomly selected subset of the total group (90 of 
186 patients). Finally, apolipoprotein levels and levels 
of lipoprotein (a) were not measured; these may prove 
to have independent predictive value and may be help- 
ful in explaining the mechanism(s) by which lipids in- 
fluence restenosis. 
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Recent clinical trials of primary and secondary 
prevention of cardiovascular disease have dem- 
onstrated that lowering plasma cholesterol de- 
creases the mcidence of coronary heart disease 
in patients wath elevated plasma cholesterol. 
However, it Se not known whether patients with 
established coronary artery disease and normal 
plasma cholesterol can be benefited. Several pre- 
vious prevention trials reviewed in this report 
found that patients who had plasma cholesterol 
levels at baseline in the upper portion of the eli- 
gibility range (e.g., >240 mg/dl) received greater 
benefit from hypolipidemic diet or drug therapy 
than patients who had lower plasma cholesterol 
levels at baseline. The recent availability of 
drugs that are more potent and less prone to 
cause adverse reactions than previous regimens 
permits this important question to be addressed. 
The Cholesterol and Recurrent Events trial is 
testing whether pravastatin, a hydroxymethyl- 
glutaryl coenzyme A reductase inhibitor, will de- 
crease the sum of fatal coronary heart disease 
and nonfatal myocardial infarction (Mi) in pa- 
tients who have recovered from a MI and who 
have normal total cholesterol levels. Fatal cardio- 
vascular disease and total mortality are impor- 
tant secondary end points. The trial is enrolling 
4,000 men and women from 80 centers through- 
out North America, age 21 to 75 years, who 
have survived Mi for 3 to 20 months, who have 
plasma total tholesterol <240 mg/dl (6.2 mmol/ 
liter) and low-density cholesterol of 115 to 174 
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mg/dl (3.0 to 4.5 mmol/liter), and who are rep- 
resentative of the general population of patients 
with MI. Patients are randomized to either active 
or inactive drug therapy. Active therapy consists 
of pravastatin, 40 mg/day, designed to achieve 
an average decrease in low-density lipoprotein 
cholesterol of approximately 30%, and an in- 
crease in high-density lipoprotein of 5%. The av- 
erage duration of follow-up will be >5 years. To 
protect against a lower than expected rate of re- 
current events, the trial will be continued until a 
predetermined fixed number of coronary heart 
disease events occurs in the entire cohort so that 
the original sensitivity of the trial will be main- 
tained. 

(Am J Cardiol 1991;68:1436-1446) 


for plasma cholesterol in the development of 

coronary artery disease. The incidence of coro- 
nary artery disease among countries and geographic 
areas is highly correlated with plasma cholesterol.! 
Within populations, plasma cholesterol levels predict 
coronary artery disease independently of other influ- 
ences such as age, sex, blood pressure and other plasma 
lipids.2-> For every 1% increase in plasma cholesterol 
above about 240 to 250 mg/dl (6.2 to 6.5 mmol/liter), 
the incidence of coronary artery disease increases by 2 
to 3%. In the range of plasma cholesterol, 180 to 240 
mg/dl (4.7 to 6.2 mmol/liter), this relation is attenuat- 
ed, and considerably so at the low end.?-> Plasma cho- 
lesterol also influences the clinical course of patients 
with preexisting coronary artery disease. In most of 
these prospective epidemiologic studies,*>-’ as in stud- 
ies in persons without clinical coronary heart disease,?> 
there is less effect of plasma total cholesterol or low- 
density lipoprotein (LDL) cholesterol on reinfarction in 
patients with plasma total cholesterol <240 mg/dl (6.2 
mmol/liter)? or LDL cholesterol <160 mg/dl (4.1 
mmol/liter)? than in patients with higher levels. For 
example, in a study of 2,799 British civil servants who 


T here is compelling evidence for a causative role 


DECEMBER 1, 1991 


had preexisting myocardial ischemia, the risk of coro- 
nary death increased by only 24% within the baseline 
plasma cholesterol range of <180 mg/dl (<4.6 mmol/ 
liter) to 220 to 259 mg/dl (5.6 to 6.7 mmol/liter); 
however, coronary death more than doubled for pa- 
tients with plasma cholesterol =260 mg/dl (6.7 mmol/ 
liter) compared with the next lower category, 220 to 
259 mg/dl’ (Figure 1). 

Clinical trials show that diets or medications that 
lower elevated plasma cholesterol levels decrease the 
onset of coronary artery disease in previously healthy 
persons, and lower the rate of recurrent myocardial in- 
farction (MI) in patients who had previously experi- 
enced 1 or more infarcts.*-!8 When the findings in the 
secondary prevention trials are combined, a relation 
emerges that links every 10% decrease in plasma cho- 
lesterol to a 15% decrease in recurrent MI compared 
with a somewhat greater reduction of 22% in primary 
prevention trials.!? These relationships are derived from 
experience mostly in patients with hyperlipidemia. Gen- 
eralization to a population with lower plasma lipids 
should consider the attenuated influence of plasma cho- 
lesterol as a risk factor in the range <240 mg/dl (6.2 
mmol /liter).?-7 

There are several unanswered questions that are 
critical to knowing how to manage the plasma lipids of 
patients with coronary artery disease: 

1. HYPERLIPIDEMIA VERSUS NORMAL PLASMA LIPID LEV- 
ELS: The populations that were studied in previous clini- 
cal trials had elevated mean plasma cholesterol levels 
ranging from 233 to 313 mg/dl (6.0 to 8.1 mmol/ 
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FIGURE 1. Plasma cholesterol and coronary artery disease 
(CAD) mortality in British men with preexisting CAD (The 
Whitehall Study). (Adapted from Rose et al.5) 


liter),8-!8 and >240 mg/dl in all but 1 trial.? No trial 
has focused on patients with plasma cholesterol levels 
<240 mg/dl. In fact, in primary and secondary preven- 
tion trials,?!°22! subgroups of patients with average 
initial plasma cholesterol levels of 185 to 230 mg/dl 
(4.8 to 5.9 mmol/liter) experienced less reduction in 
recurrent events than subgroups with elevated plasma 
cholesterol levels of 247 to 305 mg/dl (6.4 to 7.9 
mmol/liter). This poses the question of whether plasma 
cholesterol reduction is of clinical benefit in patients 
with established coronary artery disease with cholester- 
ol levels <240 mg/dl (Figure 2). This question is par- 
ticularly pertinent because a large majority of patients 
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FIGURE 2. Relation between initial serum cholesterol and reduction in coronary artery disease (CAD) in 5 trials of hypolipidemic 
therapy. All are trials of secondary prevention except the Wadsworth Veterans Administration (VA) trial which included patients 
with and without coronary artery disease. The individual trials and reference numbers are: Wadsworth VA diet trial,’ Stockholm 
clofibrate and niacin trial,}1 Newcastle clofibrate trial,44 Coronary Drug Project (CDP) niacin trial, 16 and the Scottish clofibrate 
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with coronary artery disease have plasma cholesterol 
levels in this range.2-7 

Plasma trzlyceride levels also may influence the ef- 
fectiveness of hypolipidemic therapy in reducing rates 
of cardiovascalar disease. Patients with mild to moder- 
ate hypertrig-yceridemia treated with the combination 
of clofibrate and nicotinic acid,!! colestipol!? or gemfi- 
brozil!? had £ greater reduction in events than the pa- 
tients in the trials who had normal plasma triglyceride 
levels. Finally, in the Helsinki Heart Study,!? patients 
with familial combined hyperlipidemia (elevated plas- 
ma total cholesterol, LDL cholesterol and total triglyc- 
erides) had a greater reduction in cardiovascular dis- 
ease than pat ents with hypercholesterolemia. Combin- 
ing these findings with observations on patients with 
different plasma lipid patterns, it appears that in gener- 
al, the more ebnormal the plasma lipid phenotype, the 
greater the benefits of hypolipidemic treatment. 

2. ELDERLY PATIENTS AND WOMEN: It is not clear 
whether the favorable results from cholesterol lowering 
trials in selected cohorts of relatively young men can be 
generalized to a wider population. Most previous trials, 
and all of the trials with >1,000 patients, excluded old- 
er patients; the upper limits for enrollment were 55 
years," 60 years,!#!> and 65 vearg LIST Two small tri- 
als with 555 and 717 patients enrolled patients up to 
age 70 years.©:!! Only 1 trial, the Los Angeles Wads- 
worth Veterars Administration Hospital diet study, en- 
rolled elderly patients up to age 90 years (mean 65).? 
In this study, Jiet therapy reduced the incidence of fa- 
tal atherosclerotic end points and reduced all cardiovas- 
cular disease events significantly only in the men who 
were younger than age 65 at entry but not in the older 
subgroup (Figure 3). A similar effect was found in a 
trial of colestizol.!2 Most trials of lowering plasma lip- 
ids enrolled orly men.?:!3-!? Four trials®:!°-1!.!8 — all on 
secondary prevention — did not restrict enrollment to 
men, but togecher enrolled a total of only 412 women 
(19% of the trials’ patients) because of the low preva- 
lence of cororary heart disease in middle-age women 
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compared with men. Only 1 trial, the colestipol-Upjohn 
study,' enrolled sufficient numbers of women for sepa- 
rate analysis. In the 1,094 men, treatment reduced the 
mortality from cardiovascular disease significantly from 
4.4% to 2.0%, whereas in the 1,184 women, mortality 
was nearly identical in the treatment and placebo 
groups (1.5 vs 1.7%). However, the low mortality rate 
in the women and the relatively short follow-up, 2 
years, limits the conclusions from this study on the ef- 
fect of hypolipidemic therapy in women. 

3. IMPROVEMENT IN RATES OF FATAL CARDIOVASCULAR 
DISEASE OR OF ALL-CAUSE MORTALITY HAS NOT BEEN FOUND 
IN PRIMARY OR SECONDARY PREVENTION TRIALS OF CORO- 
NARY ARTERY DISEASE: The Program of Surgical Control 
of Hyperlipidemia? achieved the largest reduction in 
plasma cholesterol of any prevention trial — 23% — 
and found a 35% decrease in the combination of fatal 
and nonfatal coronary artery disease, which was statis- 
tically significant. However, the prespecified primary 
end point of the trial, the total mortality rate, was not 
significantly improved. In trials that test therapies that 
cannot be blinded, total mortality is of paramount im- 
portance since its ascertainment is relatively free from 
bias. Moreover, this trial tested a treatment considered 
impractical for most patients, partial ileal bypass, and 
thus cannot be a guide for contemporary therapy. One 
trial that stands as an exception is the small-scale 
Stockholm Ischemic Heart Disease Trial.!! In all, 555 
patients with average plasma cholesterol levels of 250 
mg/dl (6.5 mmol/liter) were randomized 4 months af- 
ter MI to the combination of clofibrate and nicotinic 
acid or to no treatment. After 5 years of follow-up, 
there were 26% fewer deaths in the treatment group 
than in the control group, a significant difference. Be- 
cause only this trial!! found improved survival in the 
treatment group at the end of the treatment period, 
investigators speculated that the excess of nonfatal MI 
in the control groups of the other trials would eventual- 
ly result in an excess of deaths if the period of follow-up 
was extended. For example, the Coronary Drug Project 


FIGURE 3. The relation between age (<, 
>65 years) and the decrease in fatal ath- 
eroscleratic events in a trial of diet thera- 
py. (Reprinted with permission from Day- 
ton et al. Circulation 1969;[suppl Hr. 
34-I1-35.) 
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found no trend toward improved survival in the group 
that received niacin when the trial ended after 6.2 years 
of treatment.!© However, extended follow-up for a total 
of 15 years demonstrated a reduction in the mortality 
rate of 11% in patients who were originally randomized 
to niacin compared with those given placebo.” In con- 
trast, extended follow-up in 3 other trials that used clo- 
fibrate?.22 or diet!? did not find a trend toward im- 
proved survival. 

Perhaps the explanation for lack of a favorable ef- 
fect on fatal cardiovascular disease and all-cause mor- 
tality is a combination of the modest inherent hypolipi- 
demic effect of the drugs or diets, adverse symptoms 
that reduced compliance, inadequate duration of treat- 
ment, or inadequate sample size. All of these problems 
could have lowered the statistical power of these trials 
below that needed to detect improved survival. Never- 
theless, the disquieting alternative possibility that hypo- 
lipidemic drug therapy causes a slight but counterbal- 
ancing increase in the rate of serious events other than 
MI, no matter how counterintuitive, has never been dis- 
proved. A meta-analysis of primary prevention trials 
found just such a significant increase in cancer and 
traumatic deaths.” Adverse effects of drugs that would 
be taken for many years, probably for a lifetime, could 
become proportionately more prominent in patients 
with lower plasma chclesterol levels and lower risk of 
recurrent cardiovascular events. Unexpected adverse ef- 
fects caused by clofibrate,2* estrogen2* and thyrcid hor- 
mone? in previous trials also argue for a conservative 
approach to adopting aggressive treatment strategies 
that require new classes of medications or combinations 
of drugs without testing in clinical trials. Finally, even if 
not harmful, the cost of prolonged administration of 
drugs must be balanced against the benefit, if any. 

The present trial is designed to overcome some of 
the limitations of previous secondary prevention trials. 
First, entry criteria are designed to enroll a cohort that 
is representative of the general population of patients 
who have recovered from acute MI to permit wide ap- 
plication of the results. Both men and women are in- 
cluded. Second, the efficacy of treatment on plasma lip- 
ids is expected to be quite substantial. Pravastatin, a 
highly effective inhibitor of cholesterol synthesis, pro- 
duces an average decrease in LDL of 30%, which 
might be projected to lower recurrent cardiovascular 
disease by 30 to 40%.!? Moreover, pravastatin does not 
cause adverse effects such as gastrointestinal symptoms, 
myopathic syndromes or hepatobiliary disease that are 
likely to diminish compliance.*°2’ Third, the sample 
size and effectiveness of the drug therapy permit the 
trial to address cardiovascular mortality. Finally, to 
maintain sensitivity, the trial does not have a fixed du- 
ration of follow-up, but will continue until a predeter- 
mined number of events occur. This will protect the 


TABLE I Eligibility Criteria for the Cholesterol and Recurrent 
Events Trial 


Inclusion criteria 

Acute MI between 3 and 20 months before randomization 

Age 21-75 years 

Men and women (postmenopausal or surgically sterile) 

All racial and ethnic groups 

Plasma total cholesterol <240 mg/di (6.2 mmol/liter) 

Plasma LDL cholesterol 115—174 mg/dl (3.0-4.5 mmol/liter) 

Fasting serum triglycerides <350 mg/di (4.0 mmol/liter) 

Exclusion criteria 

Ejection fraction <25% 

Overt congestive heart failure (symptomatic despite drug therapy) 

Prior sensitivity to HMG-CoA reductase inhibitors 

History of nonresponsiveness to reductase inhibitors (< 10% decrease 
in total cholesterol} 

No coronary atherosclerosis on arteriogram, if performed 

Nephrotic syndrome or other renal disease 

Excessive ethanol intake defined as > 3 drinks per day 

Hepatobiliary disease: chronic hepatitis, biliary cirrhosis, alcoholic cir- 
rhosis, other causes of chronic jaundice or significant other hepatic 
disease (SGOT, SGPT, total bilirubin, or alkaline phos- 
phatase > 1.5 ULN for the laboratory) 

Malignancy or other medical condition thought to limit survival, require 
radiation or chemotherapy, or interfere with participation 

History of immune disorders (dysproteinemia, porphyria, lusus erythe- 
matosis) or treatment with immunosuppressive agents 

Untreated endocrine disorders or other uncontrolled endocr ne disease 

Significant gastrointestinal disease or surgery which may interfere with 
drug absorption 

Treatment with other lipid-lowering drugs, unless they are withdrawn 

Severe valvular heart disease requiring surgery 

Psychosocial condition that would make a person unsuitable for a clini- 
cal trial 

Geographic location, i.e., distance to clinic making attendance difficult 
or itinerant lifestyle 

Participation in another drug tria! that could affect the end point of this 
study, or use of any investigational drug within 30 days cf enroll- 
ment 

Unwilling to consent 

HMG-CoA = hydroxymethylglutaryl coenzyme A; LDL = low-density lipoprotein; 


Mi = myocardial infarction, SGOT = serum glutamic oxaloacetic acid; SGPT = serum 
glutamic pyruvic transaminase; ULN = upper limit of normai, 





study from a decline in event rates caused by continued 
advances in therapy of ischemic syndromes. 

Study design: The overall goal of the trial is to de- 
termine whether intensive therapy to lower plasma cho- 
lesterol will decrease fatal and nonfatal recurrent coro- 
nary heart disease, and all-cause mortality in patients 
who have had an MI, and who have normal plasma 
cholesterol levels. 

Population (Table I): The qualifying MI will have 
occurred between 3 and 20 months before randomiza- 
tion: (1) in the presence of symptoms of myocardial 
ischemia or infarction, the development of an elevation 
of creatine kinase to at least twice the upper normal 
limit with an associated positive MB band, cr a single 
positive MB test associated with a decrease in the total 
serum creatine kinase level to 50% of the peak level if 
also accompanied by sustained T-wave inversions for 
>72 hours in 2 inferior or 2 contiguous anterior leads; 
and (2) in the absence of ischemic symptoms and ele- 
vated creatine kinase, new Q waves =30 ms in duration 


and 0.1 mV in magnitude, in 2 inferior or contiguous- _ 
——. 
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TABLE fl Flow Chart for the Prerandomization Period 


Identify and contact prospective eligible patients 
Contact patient's physician to obtain support and information on 
eligibility 
Diet counseling: confirm that patient received appropriate counseling or 
begin counseffhg at a “prescreening” visit 
Screening evaluzion (by telephone or in person) 
Withdrawal ofprohibited medications if needed 
Diet documenation (counseling if needed) 
Obtain informed consent 
Schedule eye examination 
schedule first qualifying visit 
First qualifying vBit 
> 8 weeks after hospita! discharge 
Lipid measurements by core laboratory 
Full laboratory testing 
Begin run-in period with placebo pills 
Confirm MI wit core facility (send ECG and other data) 
Confirm ejecticn fraction > 25% 
Obtained informed consent if screening evaluation was by telephone 
Blood for apoli aoprotein or other ancillary lipid or nonlipid assessments 
Second qualifying visit 
7 days to 1 meth after first visit 
2 12 weeks afer hospital discharge 
Qualifying lipid:measurements by core laboratory 
Liver and muscle enzymes (CK), creatinine, thyroid screening, lipopro- 
tein measurernent by ultracentrifugation, Hb A1C if glucose > 220 
me/di 
Tablet count 
Blood for apoli¢ oprotein or other ancillary lipid or nonlipid assessments 
Third qualifying vsit (optional for patients with borderline lipid levels): 
Qualifying lipid measurements by core laboratory 
Tablet count 
Schedule radionuzlide ventriculogram if necessary 
Randomization visit 
7 to 42 days ater the last qualifying visit 
Clinical evaluaton including physica! examination 
ECG 
Dietary consultation 
Tablet count 
Randomize, gia new medication supply 


ECG = electrocarc.ogram; Hb = hemoglobin; Mi = myocardial infarction. 





anterior leads not present on a previous electrocardio- 
gram in the aksence of left bundle branch block, Wolff- 
Parkinson-White syndrome or paced rhythms. 

The inclusion criteria for plasma lipids are plasma 
total cholesterol <240 mg/dl (6.2 mmol/liter), LDL 
cholesterol 115 to 174 mg/dl (3.0 to 4.5 mmol/liter), 
and triglycerides <350 mg/dl (4.0 mmol/liter). A 
plasma LDL cholesterol level of 174 mg/dl (4.5 mmol/ 
liter) corresponds to the 80th percentile in men and 
women aged 5) to 59 years.28 Although the upper limit 
for entry for LDL cholesterol, 174 mg/dl (4.5 mmol/ 
liter), exceeds the threshold for drug therapy (160 
mg/dl; 4.1 mraol/liter) advocated in the National Cho- 
lesterol Educa-ion Program,? subgroups of patients in 
previous clinical trials that had average plasma total 
cholesterol on entry between 185 and 225 mg/dl (4.4 
and 5.8 mmo /liter) had less benefit than subgroups 
with higher mean plasma total cholesterol between 247 
and 305 mg/cl (7.1 and 8.0 mmol/liter)?!%02! (Fig- 
_ ure 2). No trial has focused on patients with levels of 
plasma cholesterol <240 mg/dl. 


Other major inclusion criteria are: (1) age 21 to 75 
years, (2) men or women (postmenopausal or surgically 
sterile), (3) absence of congestive heart failure, and (4) 
left ventricular ejection fraction 225%. Additional cri- 
teria are listed in Table I and are designed to exclude 
patients with serious noncardiovascular disease likely to 
interfere with participation or to cause death before the 
trial is over, with contraindications to pravastatin. 

Patients otherwise eligible are deferred for random- 
ization until 6 months elapse after coronary angio- 
plasty, and 3 months after coronary artery bypass sur- 
gery. The deferment after coronary surgery or angio- 
plasty decreases the likelihood of counting as study end 
points early graft occlusion or angioplasty restenosis. 

Prerandomization period (Table Il): SCREENING: The 
research staff screens patients admitted to the coronary 
care unit for acute MI, cardiac rehabilitation programs 
and outpatient cardiology clinics. The patients’ personal 
physicians are made aware of the implications of the 
double-blind administration of treatment and placebo, 
the trial’s provisions for managing elevated cholesterol 
levels (described subsequently), and the prohibition of 
other lipid-lowering medications. The patients’ lipid lev- 
els after randomization are not released to the patients, 
their physicians cr the investigators at the clinical cen- 
ters. Patients who give informed consent will take part 
in a series of 2 to 3 qualifying visits. Documented di- 
etary instruction is a prerequisite for entering screening. 

Withdrawal of lipid-lowering agents and other pro- 
hibited drugs is required before the formal series of 
prerandomization visits may begin. Patients must have 
discontinued therapy with probucol or fibric acid deriv- 
atives for 212 weeks, hydroxymethylglutaryl coenzyme 
A reductase inhibitors for 28 weeks, and nicotinic acid 
and other prohibited drugs for =4 weeks. 

Plasma lipids are measured by the Core Laboratory 
after 4 weeks of diet treatment, and no earlier than § 
weeks after hospital discharge after MI. Fasting blood 
is obtained from 7 to 21 days apart on qualifying visits 
1 and 2. The average lipid levels on these 2 days is used 
to determine eligibility. 

Techniques of measurement: LEFT VENTRICULAR 
EJECTION FRACTION: To document eligibility, left ventric- 
ular ejection fraction is measured after the qualifying 
MI either by contrast left or radionuclide ventriculog- 
raphy. Echocardiography may be performed in patients 
who have not undergone these tests, and have an ejec- 
tion fraction of 240%. 

PLASMA LIPIDS: Samples are shipped on the day of 
collection by overnight express to the core laboratory in 
insulated containers with gelled refrigerant packs to 
maintain a temperature of 4°C. Samples arrive in the 
laboratory within 24 hours after collection, and are an- 
alyzed within 24 hours. Six 1 ml aliquots of plasma are 
immediately frozen at —80°C for subsequent analysis 
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in ancillary studies. All lipid analyses are conducted in 
a blinded manner. Plasma total and high-density lipo- 
protein (HDL) cholesterol and triglyceride concentra- 
tions are measured directly. LDL cholesterol is estimat- 
ed by calculating the cholesterol remaining in plasma 
after subtracting HDL cholesterol and the product of 
0.2 times the glycerol-blanked triglyceride concentra- 
tion. External proficiency testing for the core labora- 
tory is conducted by the Lipid Standardization Pro- 
gram of the Centers for Disease Control and the Na- 
tional Institutes of Health. 

OTHER LABORATORY TESTS FOR ELIGIBILITY: At tne first 
qualifying visit, fasting blood is obtained for complete 
blood count, and a full chemistry panel and thyroxin 
and urinalysis are performed. At the second qualifying 
visit, the liver enzyme analysis is repeated as well as 
any other tests yielding abnormal results. If the fasting 
blood sugar is 2220 mg/dl at the first qualifying visit, 
hemoglobin AIC is measured; >11% constitutes an ex- 
clusion. If the thyroxin is abnormal, then thyrotropin is 


measured. Patients are excluded from the trial if they 
have persistently abnormal values. 

Clinical evaluation including a history, medication 
use, physical examination and blood pressure is per- 
formed by a physician at the randomization visit. Oph- 
thalmic examination is performed generally before en- 
rollment or shortly afterward as required by the Food 
and Drug Administration. 

Run-in period: From the first qualifying visit until 
the randomization visit (2 to 9 weeks), patients are giv- 
en placebo or pravastatin. At the randomization visit, 
satisfactory compliance requires that 280% of all pills 
have been taken. 

Randomization: Randomization is performed by the 
Data Coordinating Center by telephone. The random- 
ization into the 2 treatment groups is stratified only by 
the center so that there is balance in therapy assign- 
ment within each of the participating centers. 

Dietary program: A structured dietary program is 
maintained for the duration of the trial. It is directed by 
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FIGURE 4. Algorithm for managing plas- í 
ma low-density lipoprotein (LDL) levels in 
the Cholesterol and Recurrent Events trial. 
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the Clinical Soordinating Center using the approach of 
the Nationa’ Cholesterol Education Program.?? The 
program at 2ach center is supervised by a registered 
dietitian. All patients are counseled quarterly. Instruc- 
tional matergls for dietitians and patients, and interim 
and comprefensive diet questionnaires are provided to 
the centers. Contact between the coordinating center 
and the clinical center staff who provide dietary instruc- 
tion is maintained by a quarterly newsletter and regu- 
larly scheduled conference calls. Comprehensive analy- 
sis of food end nutrient intake is performed by food 
frequency qu2stionnaire?! before randomization and af- 
ter 1, 3 and 5 years of treatment. 

Protocol ef drug therapy (Figure 4): PRAVASTATIN: 
Pravastatin 4) mg as a once per day dose or matching 
placebo is administered. The expected effect of this 
dose of pravastatin is to reduce plasma LDL cholesterol 
by 30%, raise plasma HDL cholesterol by 5%, and de- 
crease plasma triglycerides by 15%.*° Pravastatin in- 
creases the expression of hepatic LDL receptors, thus 
accelerating the clearance of LDL from the circulation. 
Pravastatin also decreases the hepatic production rate 
of very low censity lipoprotein, the precursor of LDL, 
which leads to a decrease in the formation of plasma 
LDL.?? Pravastatin is well tolerated. Adverse reactions 
are few and are primarily mild: skin rash, headache 
and mild elevations in liver enzymes.?®?’ Neither my- 
opathy nor ccular lens problems have been reported 
with pravastatin use. 

CONTROL CF ELEVATED LOW-DENSITY LIPOPROTEIN CHO- 
LESTEROL: Th2 Data Coordinating Center monitors the 
levels of the patients and performs the algorithm de- 
scribed subsequently for adjustments of dosage. Al- 
though all study patients have baseline LDL cholesterol 
<175 mg/dl : 4.5 mmol/liter), some patients, primarily 
those taking placebo, may demonstrate LDL cholester- 
ol levels durirg follow-up that exceed this upper limit. 
If LDL cholesterol is 2175 mg/dl on 2 consecutive 
visits, the patient is scheduled for an interim visit for 
intensified dietary counseling using the National Cho- 
lesterol Education Program Level II protocol.?? If LDL 
cholesterol reeches 190 mg/dl (4.9 mmol/liter), choles- 
tyramine resir is prescribed at a daily dose of 8 to 16 g 
to reduce LD_ cholesterol to <175 mg/dl. A matched 
patient in the other randomized group receives parallel 
changes in the dietary and cholestyramine treatment. 

CONTROL CF HYPERRESPONDERS: If LDL cholesterol 
decreases to <50 mg/dl (1.3 mmol/liter), the dose of 
pravastatin (cr placebo) is decreased by 50%, and the 
response reassessed in 6 weeks. Parallel changes are 
made in a paient in the other randomized group. 

Monitoring during the treatment phase: A medical 
history, examination and electrocardiogram are per- 
formed annua_ly. Interim evaluation takes place every 3 


months for compliance, adverse effects and study end 
points. 

Study end points and major noncardiovascular 
events are being ascertained at the 3-month visits. 
Detailed information on the clinical presentation and 
course 1s obtained from family and medical records. 
This information is reviewed by the end points commit- 
tee without access to treatment assignment or any in- 
formation that could lead to unblinding. 

Duration of the trial: The average duration of fol- 
low-up will be =5 years. Previous trials of hypolipide- 
mic therapy shcw that benefit is minimal or nil in at 
least the first 2 years of follow-up and increases pro- 
gressively in each successive year.®,?-11,13,15,16,20,22 Thus, 
it is considered that a minimum of 5 years is needed to 
test hypolipidemic therapy. It is possible that advances 
in medical treatment of ischemic syndromes could low- 
er the event rate in the patients. To preserve the sensi- 
tivity of the trial, follow-up will continue beyond 5 
years until a fixed number of events occurs in the entire 
cohort to maintain the original power of the trial. The 
trial is scheduled to conclude in November 1995. 

Sample size determination: Two methods of calcu- 
lating the sample size were used: (1) comparison of 2 
binomial proportions representing the 5-year event rates 
in the treatment and control groups, and (2) the log 
rank test. The latter will be used to compare the surviv- 
al curves. By either method, a sample size of 4,000 sub- 
jects will provide a power of 285% to detect a 20% 
decrease in the number of events, and a power of 
>95% to detect a 25% decrease in events due to the 
therapy, using a 2-sided p value of 0.05. 

Analysis of data: OUTCOME VARIABLES: The primary 
outcome variable is the combination of death from cor- 
onary heart disease (fatal MI, sudden death, or death 
attributable to a diagnostic or therapeutic procedure in- 
volving the coronary arterial circulation) and nonfatal 
MI. The secondary outcome variable is death from cor- 
onary heart disease alone, and the tertiary outcome 
variable is death from all causes. Subsidiary outcome 
variables include nonfatal MI (definite and probable), 
need for coronary artery bypass surgery, initial or re- 
peat coronary anzioplasty, development of unstable an- 
gina, development of overt congestive heart failure, 
hospitalization for cardiovascular disease, fatal and 
nonfatal stroke, development of lower extremity athero- 
sclerosis, total coronary heart disease events, and total 
cardiovascular disease events. 

ANALYSIS: The log rank test will be used to compare 
the survival curves of the treatment and control groups. 
In addition, Cox regression analysis will be performed 
with the appropriate interaction term. A subsidiary 
analysis of end points occurring after the second year of 
follow-up will be conducted, since previous clinical tri- 
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als revealed no effect on congestive heart failure out- 
come variables until after 2 years of follow-up. A num- 
ber of subgroups have been specified prospectively for 
analysis of treatment effects: age, gender, race, plasma 
LDL and HDL, LDL/HDL, triglycerides, ejection 
fraction, number of previous MIs, months elapsed from 
MI until enrollment, history of coronary artery surgery 
or angioplasty, concurrent cardiovascular medications, 
educational level, obesity, glucose and insulin levels, 
and intake of dietary fats, carbohydrates, fiber, antioxi- 
dant vitamins and minerals, and alcohol. 

INTERIM MONITORING: Stochastic curtailment proce- 
dures3435 will be used to monitor the accumulating 
data for the trial for either efficacy or harmful effects. 
This method computes the conditional probability of re- 
jecting the null hypothesis at the end of the trial given 
the present data and assuming the null hypothesis for 
the rest of the trial. 

Approval for human subjects research: This trial 
has been approved by the trial’s Safety and Data Moni- 
toring Committee, Institutional Review Boards of all 
participating centers, United States Food and Drug 
Administration, and the Canadian Bureau of Human 
Protection. 

Trial organization: CLINICAL CENTERS: Each center 
consists of a primary institution overseeing | or more 
geographically related hospitals and clinics. There are a 
total of 80 centers: Canada, 13 centers in 6 provinces; 
and the United States, 67 centers in 40 states. A wide 
distribution of medical practice settings is represented. 

COORDINATING CENTERS: The trial headquarters in- 
cluding the Chairman of the Steering Committee, Prin- 
cipal Investigator, and the Clinical Coordinating Center 
is located at the Brigham and Women’s Hospital and 
Harvard Medical School. The Clinical Coordinating 
Center enrolls and trains the clinical centers, monitors 
enrollment and follow-up, works with the clinical cen- 
ters to solve problems in trial operations and to enforce 
the protocol, and authorizes all payments from the 
sponsor to the clinical centers. The Data Coordinating 
Center at the University of Texas School of Public 
Health receives case report forms from the clinical cen- 
ters and data from the core laboratories, monitors the 
forms for completeness and consistency, reports to the 
Clinical Coordinating Center on enrollment and follow- 
up, performs the randomizations and the interim and 
final analyses of the data. 

SPONSOR: Bristol-Myers Squibb Company provides 
study medication to the clinical centers, monitors the 
case report forms at the clinical centers and the sup- 
porting documentation to meet regulatory requirements 
for clinical trials but remains unaware of treatment as- 
signment. The sponsor has no access to the data on 
lipid changes or end points. 


SAFETY AND DATA MONITORING COMMITTEE: The Safe- 
ty and Data Monitoring Committee consists of experts 
in biostatistics, clinical trials, cardiology, lipoprotein ge- 
netics and metabolism, and cardiovascular epidemiolo- 
gy. The members are not participating in any aspect of 
trial operations. The committee approves the protocol 
and any changes, monitors data using both group se- 
quential and stochastic curtailment methods?435 and 
may recommend continuing the trial beyond 5 years, or 
stopping the trial prematurely for adverse effects of 
treatment or for early definitive benefit. 
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APPENDIX 

Canadian clinical centers: London, Ontario, Univer- 
sity of Western Ontario: J. Malcolm O. Arnold,* Lee 
Melendez, De er Nichol, James Brown, Joe McGillen, 
Pat Squires, bJartha Calhoun; Vancouver, University of 
British Colurzbia Hospital: Victoria Bernstein,* Susan 
Mooney, Shicey Vorderbrugge; Winnipeg, Manitoba, 
Health Sciences Center: Thomas E. Cuddy,* Pat Cour- 
celles; Ottawa Ontario, University of Ottawa Heart In- 
stitute: Richard F. Davies,* Michael Baird, Habibullah 
Habibi, Donald Beanlands, Kathryn Drouin, Colette 
Favreau; Hal fax, Nova Scotia, Victoria General Hospi- 
tal: David E Sohnstone,* William J. Sheridan, Sharon 
Black, Jill Ccssett; Vancouver, British Columbia, Van- 
couver General Hospital: Henry F. Mizgala,* Ginny 


1444 THE Av ERICAN JOURNAL OF CARDIOLOGY VOLUME 68 


Bociek; Ste-Foy, Québec, Laval Hospital: Jacques: Rou- 
leau,* Martine Poulin, Diane Laforge; Sherbrooke, Qué- 
bec, University of Sherbrooke: Jean-Lucien Rouleau,* 
Martine Fortier, Robert Dupuis, Francine Ouimet, 
Claude Maranda, Elizabeth Haigh-Graham, Ghislain 
Robert, Lise Gauthier, Jacques Bedard, Serge Lepage, 
Murielle Matte, Marianne Xhignesse, Barbara Ash; 
Montréal, Québec, Notre-Dame Hospital: François Ses- 
tier,* Jacques Lenis, Laurent Belanger, Jean Pierre La- 
valle, Marcel Charbonneau, Nicolas Kandalaft, Hélène 
Aneziris; Montréal, Québec, Royal Victoria Hospital: 
Duncan J. Stewart,* Maxine Hoppenheim; St. John’s, 
Memorial University of Newfoundland: Bruce A. Sus- 
sex,* Denese Murphy, Bonnie Cochrane; Montréal, 
Québec, Montréal Heart Institute: Pierre Théroux,* 
Jules Lam, Pierre Gagne, Carole Jesina, Francine Le- 
mieux; Calgary, Alberta, Foothills Hospital: J. Wayne 
Warnica,* Allen White, Patrick Ma, Don Meldrum, 
Brenda Smith, Marilyn Romanosky. 

US clinical centers: Appleton, Wisconsin, Appleton 
Medical Center: Peter H. Ackell,* Vicki Waugus, 
Beth Durst-Michaelson; Birmingham, University of Al- 
abama: Richard M. Allman,* Linda Jones, Martha M. 
Patrick, Charlotte Bragg, Isabel Joffrion; Tulsa, Oklaho- 
ma, Tulsa Heart Center: Lofty L. Basta,* Judy King, 
Jolene Durham, Helen Groh; Chicago, Illinois, St. Jo- 
seph Hospital: David M. Berkson,* Patricia Hershinow; 
Madison, University of Wisconsin: Neville Bittar,* Mar- 
garet Spatola; Stony Brook, NY, State University of 
New York: Edward J. Brown,* George Mallis, Venk 
Nathala, Laura Teplitz, Janice Eaton; Omaha, Univer- 
sity of Nebraska Medical Center: James R. Campbell,* 
David Meyers, William Gust, Jan Coleman; Miami 
Beach, Florida, Miami Heart Institute: Maria Canossa- 
Terris,* Marta Goodison; St. Louis, Missouri, St. Louis 
University: Jerome D. Cohen,* Andrea Loyet, Ann Reb- 
holtz; Petoskey, Michigan, Nisus Research, Inc. at the 
Burns Clinic: Harry T. Colfer,* Denise Antonishen, Joey 
Chickering, Carol Still; Oklahoma City, Oklahoma 
Medical Research Foundation: Clinton Corder,* Myrna 
Johnson, Ernest Wilson; Reno, University of Nevada: 
Sandra A. Daugherty,* Nemat Borhani, Robert J. Bryg, 
Janet Frey; Chicago, Illinois, Chicago Center for Clini- 
cal Research: Michael Davidson,* Heide Reilly, Lynne 
Dugan, Kathleen Drennan; Mobile, Alabama, Coastal 
Clinical Research, Inc.: Archie Davis,* Bebe Goetter, 
Donna Davis; Takoma Park, Maryland, Washington 
Adventist Hospital: Robert DiBianco,* Rebecca Costel- 
lo, Kay Sandow; Little Rock, Arkansas, John L. McLel- 
lan VA Hospital: Ha Dinh,* Norma Tellez, Betty Allen; 
Newark, Medical Center of Delaware: Andrew J. 
Doorey,* Nancy Gale, Tracy Hanna; Durham, North 
Carolina, Duke University Medical Center: Fredrick L. 
Dunn,* Cresha Cianciolo; Dallas, Texas, Baylor Univer- 
sity Medical Center: Cara East,* Syed Nawab, Lena 
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Farrell; Brooklyn, New York, VA Medical Center: Na- 
bil El-Sherif,* Mahshid Assadi, Anna Osvald; Madison, 
Wisconsin, The Jackson Foundation: D. John Farn- 
ham,* Beth Sommerfeldt, Mary Beth Miller, Janice 
Burks; Columbia, University of Missouri: Gregory C. 
Flaker,* Susan Meinhardt; Bronx, New York, Albert 
Einstein College of Medicine: William Frishman,* Ju- 
dith Mitchell, Mary Bengo, Suzanne Furia; Springfield, 
Massachusetts, Baystate Medical Center: Ralph Gianel- 
ly,* Debra Tomaszewski; Tampa, University of South 
Florida: Stephen P. Glasser,* Teresa West; Miami, Flor- 
ida, University of Miami: Ronald Goldberg,* Diane 
Krieger, Giraldo Kato; Tucson, Arizona, VA Medical 
Center: Steven Goldman,* Thomas Raya, Christopher 
Appleton, James Felicetta, Julie Brandt, Debbie Caroll, 
Susan Bigda, Karen Bowen, Jenall Johnson; Bethesda, 
Maryland, USUHS Department of Medicine: Robert E. 
Goldstein,* Tammy Williams; Minneapolis, Minnesota, 
Metropolitan Mt. Sinai Medical Center: Richard 
Grimm,* Marvin Segal,* Julie Levin; Portland, Oregon, 
Kaiser Permanente: John Grover,* Marlene McKenzie, 
Debbie Towery; Washington, District of Columbia, 
Medlantic Research Foundation: William James How- 
ard,* Laraine Field, Joseph Lindsay, Barbara Howard, 
Nancy Plotsky; Houston, Texas, The Methodist Hospi- 
tal: William Insull, Jr.,* Diane Tanksley, Sarah Toth 
Scott; Eugene, Oregon Research Group: Kirk Jacob- 
son,* Carol King, Janet McCormick, Mary Jean Jacob- 
son; Irvine, University of California VAMC Long 
Beach: Moti L. Kashyap,* Rebecca Knight; Portland, 
Maine Medical Center: Leonard M. Keilson,* Kevin 
Curtis; Seattle, University of Washington Medical Cen- 
ter: J. Ward Kennedy,* Douglas Stewart, Becky Letter- 
er, Charlene Heller, Jay Dalquist; Buffalo, State Univer- 
sity of New York: Robert Kohn,* Mary Bonora, Joie 
Celano, Nancy Roberts, Susan Graham; Boston, Massa- 
chusetts, Brigham and Women’s Hospital: Gervasio La- 
mas,* Sidney Alexander, Thomas Egan, Barton Heller, 
Michael Hession, Robert Rimmer, Jr., Carole Chapin, 
Marybeth Bush; Portland, Oregon Heart Institutes: 
Sandra Lewis,* Jayne Mitchell; Gainesville, University 
of Florida: Marian Limacher,* Yvonne Brinson; Loma 
Linda, California, Loma Linda University Medical Cen- 
ter: Gary Marais,* John Marais, Janet Ohm; Danville, 
Pennsylvania, Geisinger Clinic: Francis J. Menapace, 
Jr..* Marie Kleman, Carla Marsters; Philadelphia, 
Pennsylvania, Graduate Hospital: Joel Morganroth,* 
Sharon Cesare; Syracuse, New York: David T. Nash,* 
Steven D. Nash, Dianne G. Feury; Kansas City, Missou- 
ri, Cardiovascular Consultants, Inc.: James H. O’Keefe, 
Jr.,* Lisa Campbell, Cheryl Dreiling; Washington, Dis- 
trict of Columbia, VA Medical Center: Vasilios Papade- 
metriou,* Barbara Gregory; Providence, Rhode Island, 
The Miriam Hospital: Alfred F. Parisi,* Anne Nugent; 
Boston, Massachusetts, Beth Israel Hospital: Richard 


Pasternak,* Geoffrey S. Ginsburg, Joel Rubenstein, 
Beth Tully, Pat Joyce, Jill Jarvis, Susan O’Connor; 
York, Maine, York Hospital: Lawrence J. Petrovich,* 
Sandy Russell; Wynnewood, Pennsylvania, The Lan- 
kenau Medical Research Center: J. Edward Pickering,* 
Marlene Feldman; Hanover, New Hampshire, Dart- 
mouth-Hitchcock Medical Center: Jonathan F. Plehn,* 
Carol Moriarty; Valhalla, New York Medical Col- 
lege / Westchester County Medical Center: Anthony Pu- 
cillo,* Michael Herman, Marette Reid, Richard H. 
Kay; Richmond, Medical College of Virginia: David W. 
Richardson,* Donald W. Romhilt, Jennifer Fields, Sher- 
ry Shrader, Elizabeth Powell, Karla Conway; Albany, 
New York, Albany Medical College: John Rodgers,* 
Martha Power, Kay Zolezzi; Manhasset, New York, 
Long Island Jewish Medical Center: Paul Samuel,* Lois 
Markowski; Atlanta, Georgia, Emory University School 
of Medicine: Robert C. Schlant,* Shirley Ballou, Beth 
Brackney; Farmington, Connecticut, University of Con- 
necticut Health Center: Peter Schulman,* Sharon Lar- 
kin; Baltimore, University of Maryland School of 
Medicine: Roger W. Sherwin,* Frank Hooper, Kathy 
Yeager; Cincinnati, Ohio, University of Cincinnati Cen- 
ter for Cholesterol Research: Dennis Sprecher,* Karen 
Freudemann; Cincinnati, Ohio, Christ Hospital Cardio- 
vascular Research Center: Evan Stein,* Liz Olivera; Las 
Vegas, Heart Institute of Nevada: Alan D Steljes,* Jill 
Lysgaard; Royal Oak, Michigan, William Beaumont 
Hospital: Gerald C. Timmis,* Denise Mason, Nadine 
Juran, Cindy Tollis; Ann Arbor, Michigan, Michigan 
Heart Institute at St. Joseph Mercy Hospital: Ron J. 
VandenBelt,* Julie Thompson, Lynne DeMoor; Des 
Moines, Iowa Heart Center: William J. Wickemeyer,* 
Debra French, Mark Polich; Philadelphia, Pennsylvania, 
Temple University Hospital and School of Medicine: 
David H. Wiener,* Judie Blake-Shilling; East Lansing, 
Michigan State University: Park W. Willis, HI,* Eileen 
Worden, Helen Boichot; Boston, Massachusetts General 
Hospital: Randall M. Zusman,* Thomas Force, Mason 
Freeman, Denise Mullaney, Joy Higgins. 

Central laboratories: Echocardiographic Core Read- 
ing Center, Dartmouth-Hitchcock Medical Center: Jon- 
athan Plehn,t Brenda Arbuckle; Lipid and Safety Core 
Laboratory, Washington University, St. Louis: Thomas 
Cole,t Shelly Williams, David Gibson; MI Confirma- 
tion Center, Brigham and Women’s Hospital: John 
Rutherford,} Gervasio Lamas, L. Howard Hartley, El- 
liot Antman, Gail Ayimer. 

Data coordinating center: University of Texas Health 
Science Center School of Public Health at Houston: C. 
Morton Hawkins (PI), Lemuel Moye’ (co-PI), Peggy 
Hamm, Barry Davis, Wenyaw Chan, Barbara Casey 
(Project Manager), Michelle Hohnke. 

Trial headquarters: Clinical Coordinating Center, 
Brigham and Women’s Hospital: Frank M. Sacks (PI), 
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Causes and Correlates of Death After 
Unsupported Coronary Angioplasty: Implications 
for Use of Angioplasty and Advanced Support 
Techniques in High-Risk Settings 
Stephen G. Ellis, MD, Richard K. Myler, MD, Spencer B. King Ill, MD, John S. Douglas, Jr., MD, 


Eric J. Topol, MD, Richard E. Shaw, PhD, Simon H. Stertzer, MD, 
Gary S. Roubin, MB, PhD, and Mary C. Murphy, RN, MS 


To better understand the factors predisposing a 


patient to death after elective percutaneous 
transluminal coronary angioplasty (PTCA) and to 
gain insight into indications for high-risk PTCA 
both with and without adjunctive use of support 
devices, the outcomes of 8,052 consecutive pro- 
cedures were reviewed. Death occurred after 32 
procedures (0.4%) and was directly related to 
coronary artery closure in 26 (81%) of these 
cases. Left ventricular failure due to vessel clo- 
sure at the dilated site, the most common cause 
of death, was independently correlated with fe- 
male sex (p <0.001)}, “jeopardy score” (p 
<0.001) and PTCA of a proximal right coronary 
artery site (p = 0.002), but not with left ventricu- 
lar ejection fraction or presence of multivessel 
disease. Right ventricular failure after closure of 
the proximal right coronary artery, and left main 
coronary dissection accounted for the majority of 
the remaining deaths. Systolic blood pressure 
immediately after coronary artery closure was 
also closely correlated with jeopardy score, and 
cardiogenic shock was frequent in women with 
scores 23.5 and in men with scores 25.0. These 
data highlight the superiority of the jeopardy 
score versus ejection fraction in the determina- 
tion of risk, stress the importance of gender in 
determining outcome and point to the need for 
better means of right ventricular protection from 
severe ischemia. Therefore, an initial framework 
for rational use of PTCA and support devices in 
the high-risk setting is established. 

(Am J Cardiol 1991;68:1447~—1451) 
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sessed the risk of death during elective per- 

cutaneous transluminal coronary angioplasty 
(PTCA),!-3 and found female sex, multivessel disease 
and poor left ventricular function to be relative risk fac- 
tors for that outcome. Given that there were relatively 
few deaths in those series and that much of the data 
reported comes from an era of relatively nonaggressive 
use of PTCA, it is difficult to assess the absolute risk of 
death in various subgroups of patients. Such an analysis 
is needed for rational use of PTCA and newly available 
angioplasty support techniques in high-risk settings. To 
better define the causes and correlates of cardiac death 
after elective PTCA, we reviewed the combined experi- 
ences of 3 high-volume PTCA centers. 


S everal large scale studies have previously as- 


METHODS 

Patient population: From January 1, 1984, to June 
30, 1989 (San Francisco Heart Institute), from Janu- 
ary 1, 1984, to July 1, 1986 (Emory University Hospi- 
tal), and from January 1, 1987, to June 30, 1989 (Uni- 
versity of Michigan Hospital), 8,052 consecutive un- 
supported PTCAs were performed for indications of 
stable or unstable angina, or of demonstrable myocardi- 
al ischemia. Procedures performed in the setting of 
acute myocardial infarction (typical ischemic chest 
pain 230 minutes with associated electrocardiographic 
changes) or with support devices other than intraaor- 
tic balloon counterpulsation were not included in this 
study. Data on procedures performed at the University 
of Michigan before 1987 had not been entered into a 
computerized databank, and those performed at Emory 
University after July 1986 were not available for analy- 
sis. Data from 4,242 of these procedures have been re- 
ported previously.! Three hundred eighty-nine (4.8%) 
of these 8,052 procedures resulted in acute coronary 
closure, defined as procedure-related ischemia resulting 
in cardiac death, emergency coronary artery bypass 
graft surgery, emergency repeat PTCA, or myocardial 
infarction, occurring at any time during hospitalization. 
Patients in whom ischemia resulted solely from closure 
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of a side teanch* were excluded. Twenty-six patients 
with acute closure had cardiac death (death in which 
congestive heart failure, myocardial ischemia or cardiac 
arrhythmias. were directly contributory), and their rec- 
ords were compared with those of every third patient 
with nonfatél closure. Six patients died under circum- 
stances that were related to PTCA, but in which cardi- 
ac complicetions were not believed to be directly caus- 
ative (pulmonary embolus [2], intracerebral hemor- 
rhage [2], seosis [1] and anaphylactic shock [1]). 

Coronary; angioplasty procedure: The technique of 
PTCA usec here has been described elsewhere.> Man- 
agement of >atients with acute closure syndrome was 
performed ca an individualized basis. In general, how- 
ever, if the ceclusion occurred while at the cardiac cath- 
eterization l=boratory, an attempt was made to redilate 
the area of cosure. Intraaortic balloon pump support or 
“bail-out caczheter”’® placement (when available), or 
both, were used at the discretion of the operator. If the 
arterial close occurred after transfer from the cardiac 
catheterizat-on laboratory, the patient was generally re- 
turned for ac attempted PTCA if the first dilation had 
produced am initially satisfactory result. The patient 
was sent immediately to the operating room if the ini- 
tial dilation zad resulted in a large dissection or if other 
technical faxors associated with the initial procedure 
suggested that repeat dilation would likely be unsuc- 
cessful. 

Data colEction and entry: Demographic and clinical 
information, angiographic and PTCA measurements, 
and data after PTCA were recorded prospectively dur- 
ing hospital&ation on standard forms by a physician. 
This informacion was audited for completeness and en- 
tered into ccanputerized databanks at Emory Universi- 
ty, San Frarcisco Heart Institute and the University of 
Michigan. Tke data were forwarded to the central Uni- 


LAD-Diag 





FIGURE 1. Mracardial segments assessed in determination of 
jeopardy score. Right dominant coronary system is shown. 
Diag. = diagon=i; LAD = left anterior descending; LCx = left 
circumflex; L= left marginal; OM = obtuse marginal; PDA = 
posterior desc=iding artery; PL = posterolateral; RCA = 

right coronary artery; Sept = septal. (Adapted from Califf et 
al.’) 


versity of Michigan databank for analysis. Further an- 
giographic information was obtained by retrospective 
review of the patients’ charts or cineangiograms, or 
both, by a reviewer unaware of the clinical outcome. 
The following variables were evaluated to ascertain 
their relation to cardiac death and systolic blood pres- 
sure after abrupt coronary artery closure: age; bail-out 
catheter use; closure score; diabetes; gender; intraaortic 
balloon catheter use; jeopardy score; left ventricular 
ejection fraction; multivessel disease; prior bypass sur- 
gery; prior myocardial infarction; procedure date; and 
vessel site dilated. 

Definition of terms: Cardiogenic shock was defined 
as systolic blood pressure <80 mm Hg and unrespon-~ 
sive to immediate resuscitative measures. 

Multivessel disease was defined as =50% diameter 
stenosis in 22 major epicardial arteries or a bypassable 
branch thereof. 

Closure score and jeopardy score (Figure 1) have 
been previously defined! and are based on the prior 
work of Califf et al? and Kalbfleisch and Hort.® In 
these scoring systems, the coronary tree is divided into 
6 segments of approximately equal myocardial perfu- 
sion. A score of 0.5 is given for each area of myocardi- 
um corresponding to a coronary segment that is hypo- 
kinetic and would not be affected by closure at the site 
dilated. A score of 1.0 is given to each area that is likely 
to become akinetic or dyskinetic in the event of closure 
of the dilated coronary stenosis. Closure score is the 
sum of scores for the 6 areas if the vessel dilated were 
to close (assuming the myocardium perfused by that 
vessel were to become akinetic), and jeopardy score is 
the sum of scores that would result if the myocardium 
subserved by the vessel dilated and all stenosis 270% 
(by calipers) were to become akinetic. 

Statistical analysis: Data are presented as mean 
+1 standard deviation unless otherwise stated. Chi- 
square and Student's ¢ tests were used to assess differ- 
ences in categorical and continuous variables, respec- 
tively (Table I). Multiple regression analyses were used 
to determine the independent correlates of cardiac 
death and systolic arterial pressure after coronary clo- 
sure. Statistical significance was assumed when the null 
hypothesis could be rejected with 95% confidence. Data 
presenting absolute risk of death (Table II) were deter- 
mined under the assumption that the subpopulation of 
patients surviving abrupt arterial closure were represen- 
tative of that entire group (each survivor was counted 3 
times for this analysis because only every third patient 
with nonfatal closure was elevated for the purposes of 
this analysis [see Methods)). 


RESULTS 
Overall outcome: Three hundred eighty-nine (4.8%) 
of 8,052 procedures resulted in closure of the dilated 
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TABLE I Correlates of Cardiac Death After Acute Vessel Closure 


Patients 
Who Died 
(n = 26) 


Clinical variables 

Aga (yrs) 

Diabetes mellitus (%) 

Female gender (%) 

Prior bypass surgery 
1%) 

Prior myocardial infarc- 
tion (%} 

Angiographic variables 

Closure score 

Ejection fraction <40% 

Ejection fraction <25% 

Jeopardy score 

Multivessel disease (%) 

Procedural variables 

"Bail out" catheter 
placed (%) 

Emergency bypass sur- 
gery (%) 

Proximal left anterior 
descending stenosis 
dilated 

Proximal right coronary 
artery stenosis di- 
jated (%)} 


Patients Univariate Multivariate 
Who Survived 2-Tailed 2-Tailed 
(n = 121) p Value p Value* 


*Coefficients: female sex = 0.30: jeopardy score = 0.09; proximal right coronary artery stenosis dilated = 0.31; constant = —0.19; multiple rê = 0.30; F ratio = 18.7; 2-tailed p 


value <0.001. 
NS = not significant. 


stenosis leading to death, myocardial infarction, or need 
for emergency bypass surgery or PTCA. Twenty-six 
patients (0.3% of all patients treated) suffered a conse- 
quent cardiac death. 

Causes of death: The primary causes of death were: 
left ventricular failure consequent to closure of the di- 
lated stenosis (13 patients, 41%); right ventricular fail- 
ure consequent to closure of the dilated stenosis (5, 
16%); left main dissection (4, 13%); multisystem fail- 
ure with contributing left ventricular failure after emer- 
gency bypass surgery (3, 9%); and sudden death (1, 
3%). Six patients (18.3%) died owing to causes not di- 
rectly related to coronary artery closure. 

Of patients dying of left ventricular failure, 81% 
were women, mean jeopardy score was 3.4 + 1.6, 
75% had multivessel disease, 69% had a prior infarct, 
and 38% had a left ventricular ejection fraction <40%. 
Of patients dying of right ventricular failure, all had 
PTCA of the proximal right coronary artery, none had 
a left ventricular ejection fraction <50%, 80% were 


TABLE IH Correlation of Jeopardy Score with Blood Pressure 
After Abrupt Arterial Closure* 


Jeopardy Score 


*mm Hg in patients for whom this data was available. 
For both jeopardy score and sex, p <0.001 by analysis of variance. 





women, mean jeopardy score was 3.4 + 1.7, and 40% 
had multivessel disease (both patients had 2-vessel dis- 
ease). Only 1 patient had severe pulmonary disease. 

Clinical characteristics and correlates of death after 
acute closure: The incidences of each of the 5 clinical, 
5 angiographic and 4 procedural variables in the group 
of patients who died and in the subgroup who survived, 
as well as the corresponding levels of statistical signifi- 
cance, are reported in Table 1. 

There were 5 significant univariate correlates of car- 
diac death: female sex (p <0.001); jeopardy score 
(p <0.001); dilation of proximal right coronary ar- 
tery (p = 0,004); closure score (p = 0.006); and age 
(p = 0.01). Of these, female sex, jeopardy score and 
dilation of proximal right coronary artery were inde- 
pendently correlated with cardiac death (Table I). 

Hemodynamic consequences of acute closure: Sys- 
tolic blood pressure after acute closure, but before use 
of intravenous pressors or the intraaortic balloon pump 


DEATH AFTER UNSUPPORTED CORONARY ANGIOPLASTY 1449 





(when available for analysis), was strongly and inde- 
pendently ccrrelated only with jeopardy score and sex 
(see Table (TI) 


DISCUSSION 

Appropriate use of PTCA and related support de- 
vices require: an understanding of the causes and corre- 
lates of carciac death with unsupported PTCA. The 
current stud) is the largest recent series to address these 
issues and considerably extends previous work in several 
areas. 

Prior stucies have suggested that female sex, poor 
left ventricular function and multivessel disease are im- 
portant in the genesis of PTCA-related mortality, but 
they have no: provided an estimate of the likelihood of 
death for a g-ven patient based upon that patient’s clini- 
cal and anatcmic presentation.'~3 The major findings of 
this study arz: (1) The primary cause of death in al- 
most one haf of fatal procedures was left ventricular 
failure consequent to closure of the dilated stenosis, and 
its likelihood was strongly and directly related to the 
left ventricular jeopardy score (p <0.001) and the pa- 
tient’s sex (p <0.001). The overall risk for this occur- 
rence can be approximated by adding the coefficients in 
Table I. Importantly, risk of fatal left ventricular fail- 
ure was not closely correlated with baseline ejection 
fraction or the presence of multivessel disease, presum- 
ably because of the greater importance of the sum of 
the acutely monfunctional and baseline nonfunctional 
myocardial territories. (2) The second most frequent 
cause of card.ac death, occurring in 16% of fatal proce- 
dures, was rizht ventricular failure. It occurred exclu- 
sively with a>rupt closure of proximal right coronary 
artery stenoss (p <0.001) and was more frequently 
seen in women (p = 0.01). None of these patients had 
a baseline le£ ventricular ejection fraction <50%. (3) 
The third most frequent cause of death, accounting for 
13% of fatal outcomes, was left main dissection. Its oc- 
currence in tòis series of patients selected for the ab- 
sence of over: left main coronary disease was largely 
unpredictable (4) Immediate cardiogenic shock oc- 
curred infrequently, except when jeopardy score was 
>5.0 (men) or 23.5 (women). 

These fincings have several implications in an era 
when various percutaneous left ventricular support de- 
vices are beccming available for clinical practice. First, 
because cardāc deaths after PTCA can be related to 
the amount cf potentially jeopardized left ventricular 
myocardium and to the patient’s sex (with the excep- 
tion of death> related to right ventricular failure and 
left main dissection), preliminary strategies for the ap- 
plication of such support devices can possibly be ratio- 
nally applied (Tables II and III). For example, percuta- 
neous cardiopulmonary bypass support, which can pro- 
vide 4 to 6 lters/min of cardiac output for up to 6 


hours, is currently considered to be possibly indicated 
for patients with left ventricular ejection fractions of 
25%, or for those undergoing PTCA of a vessel supply- 
ing more than one half of the myocardium, or both, 
who are not good candidates for bypass surgery.? When 
this strategy was used in 105 consecutive patients, an 
in-hospital mortality of 7.6% resulted, and major pe- 
ripheral vascular complications occurred in 7.2% of the 
survivors.’ It is uncertain how many of these patients 
actually needed the support device for hemodynamic 
support. Data from the present study suggests that 
jeopardy score is a better estimate of risk than ejection 
fraction and that prophylactic support may be indicated 
only for women with jeopardy scores >3.0 and for men 
with jeopardy scores 25.0, because of the risk of imme- 
diate refractory hemodynamic collapse and death dur- 
ing vessel closure in these settings. Arterial and venous 
access without 18Fr cannulation may be advocated for 
women with jeopardy scores of 3.0 and for men with 
jeopardy scores of 3.0 to 4.5, because of the consider- 
able mortality, but lessened incidence of immediate car- 
diogenic shock, in the event of abrupt vessel closure in 
such patients. Patients in either of these subgroups 
should probably not undergo PTCA without the avail- 
ability of this or another support device and should cer- 
tainly be considered strongly for coronary bypass sur- 
gery instead of PTCA. However, these indications 
would also need to be based upon the somewhat pre- 
dictable likelihood of abrupt arterial closure,>:!° to be 
considered preliminary and to be modified by further 
clinical experience. The level of hemodynamic support 
provided by other devices, such as the hemopump!! and 
coronary sinus retroperfusion,! is less well defined, and 
such a scheme would have to be altered based on expe- ` 
rience with these devices. Furthermore, because none of ` 
these devices can be expected to appreciably reduce 
right ventricular dysfunction consequent to proximal 
right coronary artery occlusion, dilatation of high- 
risk>!9 proximal right coronary artery stenoses should 
be performed with particular caution. Further develop- 
ment of right ventricular support devices is needed. Ad- 
ditionally, given that left main dissection accounts for 
13% of all cardiac deaths and that “‘crash-on”’ cardio- 
pulmonary support can be effective in patients with car- 
diogenic shock and left main dissection,!?:!4 it can be 
argued that cardiopulmonary support should be avail- 
able for emergency use in all cardiac catheterization 
laboratories with a moderate or large volume of coro- 
nary angioplasties. 

These results should be viewed with an understand- 
ing of the limitations of this study. First, this is a retro- 
spective analysis and not all patients received “state-of- 
the-art” treatment of abrupt closure—use of dilation 
balloons that allow for distal perfusion,!> or “bail-out 
catheters.”'© Future availability of “perfusion-assist” 
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devices such as intracoronary stents may also modify 
these results. Second, death should not be considered 
the only major adverse sequelae of abrupt closure, and 
consideration of infarct size or resultant congestive 
heart failure was not possible because of the nature of 
this study. Third, the number of deaths examined was 
relatively small, and multiple analyses were performed, 
leading to the possibility of identification of spurious 
correlations. Fourth, only a minority (40%) of patients 
with abrupt closure in this study could be considered 
high risk. Further experience, especially with high-risk 
patients, will be needed to “fine-tune” the indications 
for supported PTCA. Fifth, these new support devices 
cannot be expected to provide equal hemodynamic sup- 
port or coronary flow, or have the same incidence of 
clinically significant complications; therefore, these data 
can provide only an initial framework for their rational 
use. Sixth, it must be recognized that some abrupt clo- 
sures after PTCA occur after the “window of protec- 
tion” provided by these devices. Seventh, it must be 
understood that hemodynamic support provided by 
some of these devices does not infer cardiac viability in 
the event of prolonged interruption of coronary flow, 
and one must consider the potential availability, or lack 
thereof, of permanent cardiac support (e, cardiac 
transplantation). Finally, these data should not be con- 
strued to imply that supported PTCA is a better treat- 
ment alternative than coronary bypass surgery for those 
patients who would be eligible for both procedures. 
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Value of Transesophageal Echocardiography 
During Complex or High-Risk Coronary 
Interventions in the Cardiac 
Catheterization Laboratory 


Gregory S. Pavlides, MD, Andrew M. Hauser, MD, Patricia |. Dudlets, RDMS, 
Steven L. Almany, MD, Cindy L. Grines, MD, and William W. O'Neill, MD 


The increasing complexity of coronary interven- 
tion and the limitations of hemodynamic and 
electrocardiegraphic monitoring have facilitated 
the introduc-ion of new imaging techniques in 
the cardiac catheterization laboratory. Trans- 
esophageal echocardiography (TEE) has proved 
valuable for left ventricular (LV) monitoring dur- 
ing high-risk surgery, but its reported use in the 
cardiac cath=terization laboratory has been lim- 
ited. Accordingly, we assessed the feasibility and 
value of TEE during complex or high-risk coro- 
nary intervention in the catheterization labora- 
tory. 

The TEE robe was successfully introduced in 
53 of 54 (9E%) attempted cases. The primary 
imaging goa:s were LV monitoring in 39 (749%), 
left main coronary artery (LMCA) imaging in 9 
(17%) and both in 5 (9%) cases. LV monitoring 
was successul in 43 of the 44 (98%) attempted 
cases. In 25 (58%) of these, additional important 
observations were made by TEE that were not 
apparent by symptoms, or hemodynamic, elec- 
trocardiograjhic or radiographic monitoring. 
These includ2=d unexpected changes in regional 
myocardial fanction (n = 20), alteration in LV 
size (n = 2), exclusion of considered pericardial 
tamponade (o = 2) and detection of unsuspected 
mitral regurgitation (n = 1). Management of the 
interventional procedure was directly influenced 
by the findinzs of TEE in 11 of the 43 (26%) 
monitored ceses. The LMCA was successfully vi- 
sualized in 13 of the 14 (93%) attempted cases. 
in 11 of these, measurement of the stenotic le- 
sion diamete- by TEE correlated well with quan- 
titative angicgraphy both before (r = 0.83, stan- 
dard error of the estimate = 0.01, p <0.002) and 
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after (r = 0.80, standard error of the esti- 
mate = 0.03, p <0.005) intervention. All patients 
tolerated TEE well without complications. 

TEE during complex or high-risk coronary in- 
tervention is a feasible, safe and valuable tool for 
rapid detection of altered myocardial function 
and thus may influence clinical decisions during 
interventional procedure. in patients undergoing 
LMCA intervention, TEE accurately measures 
stenotic lesion diameter before and after inter- 
vention, providing a feasible noninvasive means 
for follow-up. 

(Am J Cardiol 1991;68:1452-—1457) 


s the complexity and clinical risk of coronary 
A interventional procedures increase, the sensitiv- 

ity and accuracy of the methods used for mon- 
itoring these procedures become increasingly important. 
The traditional methods of hemodynamic and elec- 
trocardiographic monitoring have several limitations. 
Myocardial ischemia may be asymptomatic, with either 
unchanged or nonspecific electrocardiographic appear- 
ance, and measurements of aortic, pulmonary artery 
and pulmonary capillary wedge pressures may be mis- 
leading since thev are frequently altered by vasoactive 
medications. Localization of the culprit ischemic zone 
during the course of multivessel coronary intervention 
may be difficult without direct observation of regional 
myocardial function. These limitations have facilitated 
the introduction of new imaging techniques to assist 
in interventional decision making in the catheteriza- 
tion laboratory.'~> Transesophageal echocardiography 
(TEE) has been found to be more sensitive than either 
hemodynamic or electrocardiographic monitoring in de- 
tecting myocardial ischemia when used for intraopera- 
tive left ventricular (LV) monitoring.4-® However, its 
safety and use during complex or high-risk coronary 
interventions in the cardiac catheterization laboratory 
have not been reported. Accordingly, we studied the 
feasibility and value of TEE for detecting myocardial 
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ischemia and other procedural events during complex 
or high-risk coronary interventions. We also explored 
the accuracy of TEE in measuring left main coronary 
artery (LMCA) stenosis before and after revasculariza- 
tion intervention. 


METHODS 

Patients and procedure: Between October 1988 and 
August 1990, we attempted TEE during 54 complex or 
high-risk coronary interventional procedures involving 
52 selected patients. Increased complexity or clinical 
risk was related to multivessel coronary intervention, 
coronary intervention supported by either percutaneous 
cardiopulmonary bypass or coronary sinus retroperfu- 
sion, mechanical coronary atherectomy, revasculariza- 
tion of the LMCA or intervention in patients in car- 
diogenic shock. All procedures were performed in the 
cardiac catheterization laboratory. No patient had a 
history of dysphagia or known esophageal disorders. In- 
stitutional Review Board approval for the procedures 
was obtained. The TEE procedure was explained be- 
fore elective procedures and informed consent was ob- 
tained in all cases. A commercially available echo- 
probe incorporating a 3 MHz transducer coupled with 
a Sonos 500 ultrasound system (Hewlett-Packard Cor- 
poration) were used. An experienced physician and an 
ultrasound technologist were involved in the TEE ex- 
amination. 

All patients were customarily premedicated with 
intravenous diazepam (3 mg) and hydromorphone (1 
mg). Arterial and vencus sheaths, as well as percutane- 
ous bypass support cannulas, when required, were in- 
troduced before intravenous administration of 10,000 U 
of heparin. An additional intravenous dose of diazepam 
(5 mg) was given and oropharyngeal anesthesia was 
provided by 20% benzocaine spray before introduction 
of the TEE probe. While in a supine position with the 
head slightly raised, the echo-probe was advanced into 
the stomach and the best LV short-axis view at the 
papillary muscle level was obtained for LV monitoring. 
For LMCA imaging, the echo-probe was withdrawn 
into the esophagus to a level just below the left atrial 
appendage. After conclusion of the coronary interven- 
tion, and after completion of all electrocardiographic, 
hemodynamic and angiographic assessments, the echo- 
probe was withdrawn. Although no oropharyngeal dry- 
ing agents were used, frequent oral suction was provid- 
ed throughout the procedure. Whenever possible, the 
ultrasound system was positioned in proximity to the 
arterial pressure and electrocardiographic displays to 
allow the interventional cardiologist to view the images. 

Data analysis: A primary indication for TEE moni- 
toring was established in each case before initiation of 
the interventional procedure. A detailed log document- 


ed the procedural stage, significant TEE observations 
and the immediate influence of these findings on inter- 
ventional decision making. The electrocardiographic 
and hemodynamic data corresponding to the echocar- 
diographic findings were also recorded. All TEE im- 
ages were recorded on 42-inch videotape. The tape 
audio track was used for precise timing of the proce- 
dural events. All echocardiograms were subsequently 
reviewed by 2 echocardiographers for quality of image, 
success in accomplishing the primary TEE goal, and 
the validity of the echocardiographic observations ob- 
tained during the procedure. Segmental LV wall mo- 
tion was subjectively graded as displaying normal wall 
motion, hypokinesia, akinesia or dyskinesia, Measure- 
ments of LMCA stenotic lesion diameters were ob- 
tained from still-frame TEE images. The location of 
the greatest stenosis was identified and its diameter was 
manually measured using the ultrasound device’s anal- 
ysis software. The stenotic lesion diameter was mea- 
sured using quantitative angiography (ARTREK®) by 
an independent investigator blinded to the TEE data. 
Measurements were obtained by both techniques before 
and after intervention. All patients were monitored dur- 
ing their subsequent hospital course for complications 
potentially related to TEE instrumentation. 

Statistical analysis: Mean values + standard devi- 
ation were used to report all quantitative variables. A p 
value <0.05 was considered statistically significant. 
Linear regression analysis was used to correlate mea- 
surements by TEE and quantitative angiography of 
LMCA stenosis. The Student’s paired ¢ test was used 
for comparison of measured LMCA stenoses before 
and after intervention. 


RESULTS 

Procedural outcome: The introduction of the TEE 
probe was successful in 53 of 54 attempts, involving 51 
patients (40 men and 11 women aged 63 + 11 years). 
Coronary interventional procedures included angio- 
plasty supported by peripheral cardiopulmonary bypass 
(n = 17) or coronary sinus retroperfusion (n = 4), me- 
chanical rotational atherectomy (n = 14), transluminal 
extraction atherectomy (n = 11), unsupported LMCA 
angioplasty (n = 2) and emergent cardiac catheteriza- 
tion and balloon angioplasty in patients in cardiogenic 
shock (n = 5). The target coronary arteries were the 
LMCA in 17, left anterior descending in 21, left cir- 
cumflex in 5, right in 12, and coronary bypass grafts in 
4 patients. Multivessel intervention was performed in 6 
patients. The primary indication for TEE imaging was 
LV size and wall motion monitoring in 39, LMCA im- 
aging in 9, and both in 5 patients. 

TEE was well tolerated by all patients, with no pro- 
cedural interruption required. Performance of TEE did 
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TABLE | Clincally Important Events Detected by 
Transesophagz2al Echocardiography During Coronary 
intervention* 


C. 
CPS-int. MRA TEC CS-R Shock Totaj 


Myocardial dystanction 1 
after guiding catheter 
placement 

Myocardial dysfrnction 2 
after guidewirs place- 
ment 

Late myocardial dysfunc- 
tion after angi>graphi- 
cally successfal inter- 
vention 

Functional data and wall 
motion changes in car- 
diogenic shocl 

Decrease in LV sze 

Enhanced contrectility of Il 
remote myoca‘dium 

Improved contractilityin 1 
target region 

Exclusion of peri zardial 
effusion 

Mitral regurgitat@n 


Total 


*Echocardiograptc findings provided by transesophageal echocardiography not 
reflected by clinical, semodynamic, electrocardiographic or angiographic monitoring. 

CPS-Int. = cardecaulmonary bypass-supported interventions; CS-R = coronary si- 
nus retroperfusion-sapported interventions; C. Shock = cardiogenic shock; LV = left 
ventricular; MRA = “echanical rotational atherectomy; TEC = transluminal extraction 
catheter atherectom~. 





not significan*ly prolong the interventional procedures. 
The cost of TEE was included in the total cost of the 
procedure; therefore, a cost analysis was not performed. 
No adverse efects attributable to TEE were detected 
during or following the procedure. 

Left ventrizular monitoring: Adequate TEE images 
were obtained and successful LV monitoring was ac- 
complished in: 43 of 44 attempts. In 25 of these pa- 
tients, additioral information regarding 27 intervention- 
related events was provided (Table I). These events 
were not herelded by symptoms, electrocardiographic 
or hemodynarnnic alterations. Regional myocardial dys- 
function in the distribution of the target vessel was ob- 
served after guiding catheter placement in 6 patients. In 
these patients, segmental wail motion deteriorated from 
normal to hypokinesia or akinesia. In 2 patients, TEE 
excluded the clinical consideration of pericardial tam- 
ponade as a potential cause of acute hemodynamic in- 
stability. Prev:ously undiagnosed significant mitral re- 
gurgitation wes found in 1 patient. An interesting, but 
not yet clinically useful, observation was made in 4 
cases of enhanced myocardial echogenicity noted in the 
distribution of an injected vessel (3 during rotational 
atherectomy and 1 after balloon dilation), 

In 11 patients, TEE observations directly influenced 
the course of the interventional procedure. In the 4 
cases where TEE identified regional myocardial dys- 


function appearing unexpectedly (n = 2) or persisting 
well beyond the usual time for functional myocardial 
recovery (n = 2) after an apparently successful angio- 
plasty, repeated angiography of the vessels revealed 
flow-limiting intimal dissections. Repeated prolonged 
balloon dilations were then performed with successful 
restoration of regional contractility (Figure 1). In 1 pa- 
tient, enhanced contractility of a previously akinetic re- 
gion suggested hibernating viable myocardium; there- 
fore, angioplasty of the severely stenosed vessel was per- 
formed in an attempt to augment local perfusion. In 2 
patients with diminished LV size, administration of in- 
travenous fluids restored LV size and preload. In 4 of 
the 5 patients in cardiogenic shock, inability to improve 
contractility, despite repeated balloon dilations and the 
absence of other identified correctable lesions, contrib- 
uted to the decision not to proceed with further inter- 
vention. Shortly thereafter these 4 patients died. 

Left main coronary artery imaging: Accurate mea- 
surement of LMCA stenotic lesion diameter by TEE 
before and after intervention was possible in 11 of the 
13 patients in whom LMCA imaging was achieved 
(Figure 2). Stenotic lesion diameter measured by TEE 
was improved by intervention from 1.2 + 0.2 to 2.4 + 
0.6 mm (p <0.C01) and by quantitative angiography 
from 1.1 + 0.3 to 2.0 + 0.5 mm (p <0.001). LMCA 
stenotic lesion diameter measurements by TEE corre- 
lated well with those obtained by quantitative angiogra- 
phy before and after intervention (r = 0.83, SEE = 
0.01, p <0.002; r = 0.80, SEE = 0.03, p <0.005, re- 
spectively) (Figure 3). Measurements by TEE of both 
lesion diameters before and after intervention were 
equal to or slightly greater than those obtained by 
quantitative angiography. 


DISCUSSION 

Echocardiographic monitoring of left ventricular 
function during coronary intervention: Transthoracic 
echocardiography has been successfully used in the car- 
diac catheterization laboratory in conjunction with cor- 
onary intervention.? Suboptimal imaging due to the pa- 
tient’s supine position and interference with fluoroscopy 
hinders the use of continuous monitoring in such a set- 
ting and thus generally restricts its use to clinical inves- 
tigations. TEE effectively circumvents these obstacles, 
and additionally allows visualization of structures previ- 
ously not well seen such as the LMCA!©!! and the left 
and right atria.!* The capabilities of TEE to monitor 
ventricular function continuously have been widely used 
by anesthesiologists who for several years have been ap- 
plying this technique during high-risk surgery.+-*!3,14 

Our results indicate that continuous TEE imaging 
during high-risk coronary intervention is feasible and 
often provides valuable clinical information. The proce- 
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FIGURE 1. Sequential transesophageal echocardiographic findings during 2-vessel angioplasty during cardiopulmonary bypass 
in a 46-year-old patient with marked baseline left ventricular dysfunction (ejection fraction 15%). Left ventricular cross-section- 
al view is seen in diastole (fop row), systole (middle row) and endocardial tracing in both diastole and systole (bottom row). A, 
baseline; 8, during balloon inflation in the left circumflex coronary artery, the inferior and lateral walls (arrow) became akinetic; 
C, during balloon inflation in the left anterior descending coronary artery, the anterior and septal walls (arrow) became akinetic; 
D, after completion of angioplasty, the lateral wall (arrow) is hypokinetic compared with baseline. Repeated angiography of the 
circumflex coronary artery revealed an occlusive intimal dissection, prompting recrossing and prolonged dilation of the lesion 
with a good final angiographic and functional result. 


LMCA Stenosis Prior to Intervention LMCA Stenosis Post-Intervention 
y = 0.53x + 0.06 y = 0.94x + 0.05 


r= 0.84 r= 0.81 
p = 0.0013 p = 0.0026 
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FIGURE 2. Left main coronary artery (LMCA) stenosis diameter before (left) and after (right) intervention by transesophageal 
echocardiography (TEE) and quantitative angiography. 
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dure may be accomplished in almost all cases without 
interruption due to procedural intolerance. An experi- 
enced operator, adequate patient sedation and comfort 
measures fac litate the examination. 

Optimal echocardiographic imaging by TEE was 
achieved in a-most all patients, with continuous display 
of LV functizn provided in 43 of the 44 (98%) in whom 
LV monitoricg was desired. Importantly, otherwise un- 
available info-mation was also provided by TEE in 58% 
of these patients. Induction of regional myocardial dys- 
function due to guiding catheter or guidewire place- 
ment occurr=j frequently (21%), was asymptomatic, 
and was unaccompanied by alteration of the pressure 
wave form. —hese findings suggest that instrumenta- 
tion-related &=hemia may occur more often than previ- 
ously recogzized. Persistence of induced regional 
myocardial c“sfunction may indicate the presence of a 
flow-limiting: .esion after angiographically “successful” 
angioplasty end underscores the limitations of angiog- 
raphy in assessing the physiologic result of angioplasty. 
Regional wal motion analysis is particularly important 
in high-risk patients, thus suggesting an important role 
for TEE in these patients. Decreased venous return as a 
result of volume depletion or vasodilator therapy does 
not invariably lead to hypotension because of compen- 
satory tachycardia, but is reflected by decreased LV 
size as we otserved in 2 patients. Thus, continuous as- 
sessment of LN volume may prove especially useful in 


PRE-INT 


FIGURE 3. Lef- main coronary artery stenosis before and after intervention (PRE-INT, POST-INT). A, significant distal left main 


patients with severe LV dysfunction undergoing inter- 
vention, since alterations may reflect subtle changes in 
loading conditions. During balloon inflation, augmented 
contractility in a region remote to the target vessel was 
of clinical assistance in | patient by demonstration of 
unexpectedly viable myocardium. The detection of ad- 
ditional findings, such as new mitral regurgitation and 
the exclusion of pericardial effusion, facilitated immedi- 
ate diagnosis and management in patients with hemo- 
dynamic collapse. Thus, tume delays, normally encoun- 
tered before further intervention, were avoided. 

The significance of transiently increased myocardial 
echogenicity in 4 patients remains unclear. Turbulent 
coronary flow or atheromatous debris as a result of ro- 
tational atherectomy may possibly result in myocardial 
enhancement; slow myocardial flow after balloon dila- 
tion may provide an alternative mechanism. 

Left main coronary artery stenosis: Although previ- 
ous studies have documented the capability of TEE for 
detecting LMCA stenosis,!°!! the accurate measure- 
ment of stenotic lesion diameter by this method com- 
pared with quantitative angiography has not been pre- 
viously established. In a recent study, Yoshida et al!> 
reported that the degree of LMCA stenosis by TEE 
correlated well with angiography. However, in that 
study the angiographic interpretation was subjective 
and not based on quantitative analysis and did not in- 
volve patients undergoing LMCA intervention. It could 





stenosis before.and small residual irregularity after intervention (arrows); B, eccentric noncalcific left main stenosis before inter- 
vention, and wËfely patent vessel after intervention (arrows); C, significant distal left main stenosis before intervention, without 
residual stenos after intervention (arrows) (guidewire still in place). 


1456 THE AWERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 1, 1991 


TTT 


be argued that in these patients the intraarterial remod- 
eling and intimal disruption make TEE measurements 
even more difficult. This was not the case in this series 
because TEE measurements after intervention correlat- 
ed well with quantitative angiography. The accuracy of 
TEE measurement, especially after intervention, offers 
an additional means of follow-up in this subset of pa- 
tients who have high restenosis rates. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Effects of Cardiac Denervation on 
Atrioventricular Nodal 
Accommodation and Hysteresis 


Bryan E Fuhs, MD, and Kenneth A. Ellenbogen, MD 





Conduction through the atrioventricular (AV) 
node is significantly altered by changes in auto- 
nomic tone. AV nodal accommodation (time-de- 
pendent changes in AV nodal conduction after a 
sudden change in atrial cycle length) and AV 
nodal hysteresis (asymmetry of AV nodal accom- 
modation afier directionally opposite atrial pac- 
ing cycle length changes) have been character- 
ized in humans. Studies in dogs after cardiac 
transplantation suggest that the rapid phase of 
AV nodal accommodation is altered following ab- 
lation of neural input to the AV node. To deter- 
mine if cardiac denervation alters AV nodal ac- 
commodation and hysteresis in humans, 13 pa- 
tients after erthotopic cardiac transplantation 
and 12 control patients with normal AV nodal 
function were studied. Atrial pacing was per- 
formed for 1 minute at different pacing cycle 
lengths and AH or AV intervals were measured 
after cycle length changes. 

The rapid phase of accommodation is defined 
as the time nequired for the AV interval to reach 
75% of the final AV interval. During abrupt 
changes frorn long to short pacing cycle lengths, 
the rapid phase of accommodation took 3.2 + 
1.0 and 4.3 + 1.0 beats in control subjects and 
transplant patients, respectively (p = not signifi- 
cant [NS]). When going from short to long pacing 
cycle lengths, the rapid phase of accommodation 
took 1.7 + L2 and 2.1 + 1.8 beats in control 
subjects and transplant patients, respectively 
(p = NS). Hysteresis of 1.5 + 1.3 and 2.1 + 1.4 
beats was noted in the control and transplant 
groups, respectively (p = NS). 

Transplart patients and control subjects be- 
haved in a sinilar fashion during changes in atri- 


From the Divisior of Cardiology, Department of Medicine, McGuire 
Veterans Adminisration Medical Center, and the Medical College of 
Virginia, Richmord, Virginia. This study was supported by funds from 
the Veterans Admnistration, Richmond, Virginia. Manuscript received 
March 21, 1991; -evised manuscript received and accepted July 31, 
1991, 

Address for reprints: Kenneth A. Ellenbogen, MD, Box 53, MCV 
Station, Medical College of Virginia, Richmond, Virginia 23298. 


al pacing cycie length, suggesting that neural in- 
fluences at rest do not play a major role in deter- 
mining AV nodal accommodation and hysteresis. 

(Am J Cardiol 1991;68:1458-1464) 


the adaptation of AV nodal conduction after 

an abrupt change in atrial pacing cycle length. 
The AV nodal response to alterations in pacing cycle 
length is biphasic with most of the final AV interval 
change occurring within the first several beats.'-> This 
early response is termed the rapid phase of accommo- 
dation and may be defined as the time required to 
achieve 75% of the final AV interval. The slow phase of 
accommodation follows and is responsible for the last 
25% of the final AV interval change. The rapid phase 
of AV nodal accommodation responds differently to 
asymmetric changes in pacing cycle length.’ This dif- 
ference in response is termed hysteresis and is present in 
both animals and humans. Several investigators have 
demonstrated that AV nodal conduction is mediated by 
sympathetic and parasympathetic input, but the effect 
of autonomic input on AV node accommodation has 
not been well characterized in humans. 

Tuna et al® studied AV nodal accommodation and 
hysteresis in dogs after cardiac transplantation. After 
cardiac denervation, the rapid phase of AV nodal ac- 
commodation is altered and no hysteresis was observed. 
Based on these findings, the investigators suggested that 
hysteresis (and the rapid phase of AV nodal accommo- 
dation) results primarily from extrinsic (neural) modifi- 
cation of AV nodal conduction.’ 

In humans, initial observations of AV nodal accom- 
modation have been made after sudden changes in atri- 
al rate, but did not include systematic evaluation of ac- 
commodation using identical protocols to those used in 
animal studies.™-!! We prospectively studied human 
AV nodal accommodation during symmetric (and op- 
posite) atrial pacing cycle length changes in a control 
group of subjects referred for electrophysiology study 
and a group of patients after orthotopic cardiac trans- 
plantation. We sought to describe accommodation and 
hysteresis following orthotopic cardiac transplantation 


A trioventricular (AV) nodal accommodation is 
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and compare that with control subjects undergoing the 
same pacing protocol. 


METHODS 

Two groups of male patients were prospectively 
studied after informed written consent was obtained. 
The protocol was approved by the institutional review 
boards of the McGuire Veterans Administration Medi- 
cal Center and the Medical College of Virginia. All 
cardiac medications that affect sinus node or AV nodal 
conduction (e.g., digoxin, 8 blockers, calcium antago- 
nists, and type la antiarrhythmic drugs) were discon- 
tinued for at least 4 to 5 half-lives before the study. 

The control group consisted of 12 men (mean age 
54 + 9 years [range 36 to 69]) referred for electrophysi- 
ologic study to evaluate documented or suspected cardi- 
ac arrhythmias. All patients were in normal sinus 
rhythm and had no evidence of sinus or AV nodal dis- 
ease during electrophysiologic testing. Three patients 
had no structural heart disease, and 7 patients had an- 
giographically documented coronary artery disease. 

The second group consisted of 13 patients (mean 
age 50 + 8 years [range 34 to 61]) who were studied 1 
to 84 months (mean 33 + 10) after orthotopic cardiac 
transplantation. Thirteen patients were taking cyclo- 
sporin A, 11 patients were taking azathioprine and 4 
patients were taking prednisone. Seven patients were 
taking furosemide and most were treated with angio- 
tensin-converting enzyme inhibitors for hypertension. 
Ten patients had a normal 12-lead electrocardiogram 
with normal PR, QRS and QT intervals, and 3 patients 
had a QRS interval of 120 ms. Cardiac transplant pa- 
tients were studied in the resting supine state 15 min- 
utes after endomyocardial biopsy. 

Electrophysiologic study: Studies were performed in 
the fasting, nonsedated state in all patients. In the con- 
trol patients, 2 or 3 quadripolar catheters were intro- 
duced through the right femoral vein and positioned in 
the right atrial appendage, across the tricuspid valve to 
record a His bundle, and in the right ventricular apex. 
In the cardiac transplant patients, a hexapolar catheter 
was advanced from the right internal jugular vein to the 
right atrium where a donor atrial electrogram and far- 
field ventricular electrogram were recorded. Intracardi- 
ac electrograms were filtered at 30 to 500 Hz and si- 
multaneously displayed with 3 surface electrocardio- 
graphic leads on a multichannel recorder (Electronics 
for Medicine, VR-16, Pleasantville, New York). Pac- 
ing was performed at twice diastolic threshold (<2 
mA) (pulse width of 2 ms) with a custom made, pro- 
grammable stimulator (Bloom Associates DTU-201, 
Philadelphia, Pennsylvania) that allowed instantaneous 
changes in atrial pacing cycle length. 

In each group, atrial pacing was performed in step- 
wise fashion by decreasing the atrial pacing cycle 












TABLE I Baseline Clinical and Electrocardiographic 
Characteristics of Both Groups 


Control 


53249 


Transplant p Value 


SIE 











Age (years) 


PR (ms) 165 + 26 155 + 34 0.41 
QRS (ms) 99 + 12 107 + 12 0.12 
QTc {ms} 427 + 20 446 + 21 0.04 
Wenckebach CL 380 + 37 358 + 70 0.36 
Short pacing CL 435 + 44 415 + 62 0.36 
Long pacing CL 679 + 96 634 + 98 0.29 
Difference* 55 + 38 57 + 36 0.94 





*Difference = Wenckebach and short pacing cycle lengths. 
CL = cycle length. 


length 10 to 20 ms until the minimal atrial cycle 
length permitting 1:1 AV conduction was determined 
(Wenckebach cycle length). We then determined the 
shortest cycle length during which 1:1 AV conduction 
occurred with a l-step protocol. Pacing was then per- 
formed for 1 minute at an atrial cycle length 20 ms 
below the spontaneous sinus cycle length and then im- 
mediately changed to an atrial pacing cycle length >40 
ms longer than the Wenckebach cycle length. After 1 
minute of atrial pacing at the shorter cycle length, the 
atrial pacing cycle length was then rapidly switched to 
the original (longer) atrial pacing cycle length. The to- 
tal change in AV interval was measured and the time 
interval (and number of beats) required to achieve 75% 
of the final AV interval was measured, and designated 
the rapid phase of accommodation. Hysteresis was 
measured as the difference in the number of beats (and 
time) between accommodation in 1 direction and ac- 
commodation in the opposite direction. AV nodal con- 
duction was measured continuously by recording the 
AH or AV interval, or both, in control patients and the 
AV interval in transplant patients. In control (n = 12) 
and transplant (n = 2) patients where AH and AV in- 
tervals were simultaneously measured, AH intervals 
paralleled AV intervals. AH and AV intervals were re- 
corded at a paper speed of 100 mm/s and measurable 
to + 5 ms. AH or AN intervals, or both, were mea- 
sured during the 10 seconds before rapid change. To be 
considered stable the measured intervals did not vary 
by >5 ms. 

Definitions: ATRIOVENTRICULAR NODAL ACCOMMODA- 
TION: The time-dependent change in AV nodal conduc- 
tion after a sudden change in atrial cycle length. 

RAPID PHASE OF ACCOMMODATION: The time period re- 
quired for 75% of the final AV interval to be obtained. 

HYSTERESIS: Asymmetry of AV nodal accommoda- 
tion to rapid changes (in opposite directions) in atrial 
pacing cycle length. 

SHORT PACING CYCLE LENGTH: The shortest cycle 
length that consistent 1:1 AV conduction could be veri- 
fied in a 1-step protocol (generally =40 ms above 
Wenckebach cycle length). 


ATRIOVENTRICULAR NODAL ACCOMMODATION AFTER CARDIAC TRANSPLANTATION 1459 


LONG PAC NG CYCLE LENGTH: A pacing cycle 20 to 50 
ms faster than the patient’s sinus cycle length at rest. 

Statistics: Both intragroup and intergroup statistical 
comparisons were performed. Statistical comparison of 
the AV nodal response in each group to symmetric pac- 
ing cycle lersth changes (short versus long pacing cycle 
length) was >erformed with paired £ testing using the 
Bonferonni <orrection for multiple comparisons. A cor- 
rected p vale <0.05 was considered significant. 

Intergrou> comparison (transplant versus control) of 
AV nodal response to either short pacing or long pacing 
cycle lengths was performed using unpaired z testing. 
Because accommodation occurred over several beats 
(not a singu.ar discrete value), a second comparison of 
the 2 groups {transplant and control) was done by gen- 
erating a fum>tion describing the accommodation curve 
versus time Ðr both the transplant and control group. 


RESULTS 

The baseine clinical and electrocardiographic char- 
acteristics of zhe transplant and control groups are list- 
ed in Table L There were no statistical differences be- 
tween the 2 groups except for QTc at baseline. 

The contsol group consisted of 12 patients. The 
mean pacing short cycle length was 435 + 45 ms 
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(range: 380 to 500) and the mean long pacing cycle 
length was 679 + 107 ms (range: 500 to 800). The 
number of beats for accommodation from long to short 
pacing cycle length was 3.2 + 1.7 beats. The number of ` 
beats required for accommodation from short to long 
pacing cycle length was 1.7 + 1.2. Hysteresis (the dif- 
ference) occurred over 1.5 + 1.3 beats. 

The transplant group consisted of 13 patients. The 
mean pacing short cycle length was 415 + 63 ms 
(range 350 to 600) and the mean long pacing cycle 
length was 634 + 99 ms (range 550 to 800). AV nodal 
accommodation from long to short cycle length oc- 
curred with 4.3 + 1.8 beats. Accommodation from 
short to long cycle length required 2.1 + 1.8 beats. 
Hysteresis occurred over 2.1 + 1.4 beats. The time 
course of accommodation from short to long and long 
to short cycle lengths are shown in Figures | and 2. 

The p value for intragroup accommodation (short to 
long versus long to short cycle lengths) was p <0.0015 
for control (1.7 + 1.2 vs 3.2 + 1.7 beats) and p 
<0.0001 for transplant (2.1 + 1.8 vs 4.3 + 1.8 beats) 
demonstrating that hysteresis occurred in both the 
transplant and control groups. The intergroup compari- 
son by unpaired ¢ testing and curve fitting showed no 
significant differences in hysteresis (2.1 + 1.4 vs 1.5 + 
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FIGURE 1. Graph showing mean (+ standard deviation) percent change in atrioventricular (AV) interval from baseline for the 
first 10 beats it contro! (solid bars) and transplant (hatched bars) patients during short to long atrial pacing cycle length 
changes. The rapid phase of accommodation is defined as the AV interval that is 75% of the final AV interval. 
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FIGURE 2. Graph showing mean (+: standard deviation) percent change in atrioventricular (AV) interval for the first 10 beats in 
control (solid bars) and transplant (hatched bars) patients during long to short atrial pacing cycle length changes. 


FIGURE 3. Curves showing time course 
for mean percent change in atrioventricu- 
lar (AV) interval for all patients during 
tong to short atrial pacing cycle length 
changes. Control patients, solid line and 
squares; transplant patients, dotted line 
and diamonds. Both rapid and slow 
phases of AV nodal accommodation are 
seen in both patient groups. 
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1.3 beats) o: accommodation between transplant and 
control patients. 

Figures 3 and 4 are graphs of the average AV inter- 
val for the eatire minute after a change (either long to 
short or shcrt to long) in pacing cycle length for both 
control and transplant patients. 

Blood pressure did not change by >10 to 15 mm 
Hg (as mesure by sphygmomanometer or arterial 
line) during and after shifts from long to short or short 
to long cyc lengths. Respiration was not controlled, 
but there were no changes in the rate of respiration 
during each Dacing protocol. 


DISCUSSION 

This study prospectively evaluated AV nodal ac- 
commodatior and hysteresis in control patients and 
patients after orthotopic cardiac transplantation. The 
principal observation is that AV nodal accommodation 
is still preset after orthotopic cardiac transplantation 
and is quanttatively and qualitatively similar to that 
measured in control patients. A secondary observation 
is that hyster2sis does occur in transplant patients, un- 
like transpla-ted dogs where hysteresis is absent. 

AV nodal accommodation and hysteresis have been 
addressed in several studies; however, because of the 
many factors that affect accommodation, results are of- 
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ten discrepant. Under different initial conditions, ac- 
commodation is manifested differently to symmetric 
changes in pacing cycle length (e. short to long versus 
long to short pacing cycle lengths) affecting both the 
magnitude and direction of hysteresis. These results 
highlight the importance of studies showing AV nodal 
accommodation depends on the previous pacing rate 
and direction, as well as the final pacing cycle length.? 
This effect has been termed AV nodal memory to help 
explain cumulative effects of pacing on AV nodal con- 
duction.!! Therefore, comparisons of results from dif- 
ferent studies are likely to be confusing because of dif- 
ferences in pacing protocols. 

Systematic characterization of human AV nodal ac- 
commodation is difficult because changes in heart rate 
are also associated with changes in autonomic tone, 
which secondarily affect AV nodal conduction and thus 
accommodation.!* By studying cardiac transplant pa- 
tients, AV nodal responses independent of autonomic 
(extrinsic) neural mediation can be characterized and 
compared with control patients undergoing the same 
pacing protocol. AV nodal accommodation and hyster- 
esis have not been previously studied and characterized 
in human cardiac transplant patients. 

Accommodation time course and atrioventricular 
nodal response: During rapid changes in pacing cycle 
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FIGURE 4. Curves showing time course 
for mean percent change in atrioventricu- 
lar (AV) interval for all patients during 
short to long atrial pacing cycle length 
changes. Control patients, solid line and 
squares; transplant patients, dotted lines 
and diamonds. 
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length, AV nodal accommodation exhibits a biphasic 
response, with most of AV nodal accommodation oc- 
curring within 10 seconds and the rest occurring over 
the subsequent 40 to 50 seconds. We observed this bi- 
phasic response in both transplant and control patients 
(Figure 4). The rapid phase of accommodation involved 
a change in the AV or AH interval of 70 to 80 ms over 
| to 10 seconds, whereas the slow phase of accommo- 
dation typically involved a gradual change in AV or 
AH interval of 10 to 15 ms over 50 seconds. This ob- 
servation is consistent with previous in vivo and isolated 
AV node studies as well as computer-generated models 
of AV nodal behavior.>:!3-!6 

Hysteresis after cardiac transplantation: We con- 
tinued to observe hysteresis after cardiac transplanta- 
tion, which was qualitatively and quantitatively similar 
to that seen in control patients. 

Many studies of AV nodal accommodation do not 
address the nonequivalence of AV nodal accommoda- 
tion systematically. We choose a rapid single step as a 
reproducible pacing protocol, which is directly compa- 
rable to other studies.2 We continued pacing for 1 min- 
ute at the new rate to determine if fatigue was present. 
It is clear that there is both a time- and rate-dependent 
effect of pacing on AV nodal conduction and accom- 
modation. We paced for 1 minute at each cycle length 
because it provided adequate time to observe the long 
phase of AV nodal accommodation and permitted sta- 
ble AV conduction. We paced =40 ms above the 
Wenckebach cycle length to avoid confusion with long 
Wenckebach periodicity, and at a rate at which stable 
1:1 conduction could repetitively be reproduced. 

Tuna et al® used a pacing protocol similar ta ours in 
their study of AV nodal accommodation in dogs after 
heart transplantation. In their study, the rapid phase of 
AV nodal accommodation was absent and hysteresis 
was no longer present after cardiac denervation. They 
suggested the rapid phase of AV nodal accommodation 
and hysteresis was a result of extrinsic (neural) modifi- 
cation of the AV conduction. Our results in humans 
differ because both rapid accommodation and hystere- 
sis occur in transplant patients, and suggest that neural 
mediation is not required for either the rapid phase of 
accommodation or hysteresis. 

The finding of hysteresis in the denervated human 
AV node suggests that hysteresis may be an intrinsic 
property of the AV node. Hysteresis has been docu- 
mented to occur in ventricular myocardium and in sin- 
gle cells during current pulse application. For example, 
the current needed to stimulate ventricular myocytes is 
different depending cn whether the heart rate is in- 
creasing or decreasing. The potential cellular basis for 
these findings may be related to the slow inward cur- 


rent, responsible for repolarization, which has a slow 
time constant for recovery from inactivation. In experi- 
mental models, the time constant for recovery of the 
slow potassium current varies in response to the rate of 
stimulation.!? Difference in the size and other charac- 
teristics of the canine and human AV node may explain 
the discrepancy between our findings in the human AV 
node and those reported by Tuna et al. In addition, the 
need for extensive surgical procedures in dogs necessary 
to make measurements of AV nodal conduction times 
may have altered Tuna’s results. 

Our protocol did not test independence of the atrial 
pacing site specifically, but there were no differences 
noted with pacing from the high lateral right atrium, 
the low right atrium or other atrial sites. In patients 
with QRS duration <120 ms, changes in AH interval 
should be accurately reflected by changes in AV inter- 
val. We did verify that AH and AV intervals were sim- 
ilar in 2 transplant and all control patients. During pac- 
ing we did not observe blood pressure changes of >10 
mm Hg. with cycle length changes. 

We have shown that transplant and control patients 
dernonstrate similar patterns of AV nodal accommoda- 
tion after rapid pacing cycle length changes. Therefore, 
we speculate that the pattern of AV nodal accommoda- 
tion seen at the onset of supraventricular tachycardia 
should be remarkably similar in control and transplant 
patients. Our study demonstrates that in humans the 
rapid phase of AV nodal accommodation and hysteresis 
is present after orthotopic cardiac transplantation. 
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CONGESTIVE HEART FAILURE 


Initial Blood Pressure Response to Enalapril in 
Hospitalized Patients (Studies of Left Ventricular 
Dysfunction [SOLVD)]) 
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Studies of Left Ventricular Dysfunction (SOLVD) 


is a randomized trial of enalapril versus placebo 
in reducing mortality in patients with cardiac 
dysfunction (defined as left ventricular ejection 
fraction <35%). Before randomization, patients 
at risk for hypotension were hospitalized for a 
test dose of 2.5 mg of enalapril administered 
orally at baseline and again 12 hours later. As of 
February 1989, 89 of 7,539 (1.2%) patients 
had been studied during hospitalization. Baseline 
systolic and diastolic blood pressures were 115 
+ 18 and 73 + 10 mm Hg, respectively. After 
enalapril, systolic blood pressure decreased 
slightly but significantly 8 to 20 hours after the 
initial dose (mean reduction 8 to 11 mm Hg). In 
this highly selected group of 89 patients, symp- 
toms relating to decrease in blood pressure were 
noted in 13 (159%). H is emphasized that most 
patients with cardiac dysfunction readily tolerate 
enalapril. However, the agent should be adminis- 
tered with caution to patients with advanced 
congestive failure and diminished baseline blood 
pressure, owing to a significant incidence of 
symptomatic hypotension. 

(Am J Cardiol 1991;68:1465-1468) 
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anagement of patients with chronic conges- 
M tive heart failure is a difficult problem. In 
recent years, conventional management with 
digitalis and diuretics has been augmented by the use of 
vasodilators that improve cardiac performance by un- 
loading the heart. Angiotensin-converting enzyme in- 
hibitors are particularly effective. These agents produce 
acute improvement in hemodynamics,!? as well as 
long-term improvement in exercise tolerance and symp- 
toms.3+4 
The role of angiotensin-converting enzyme inhibi- 
tors in prolonging life in patients with congestive heart 
failure is also of great importance. The Cooperative 
North Scandinavian Enalapril Survival Study (CON- 
SENSUS) showed that converting enzyme inhibitors 
could prolong life in patients with New York Heart 
Association class IV cardiac failure.> However, the ef- 
fects in patients with mild to moderate congestive fail- 
ure were unknown. For this reason, a large-scale Na- 
tional Heart, Lung, and Blood Institute-sponsored ran- 
domized trial of the angiotensin-converting enzyme 
inhibitor enalapril has been conducted to determine 
whether long-term therapy reduces mortality. The trial 
is referred to as SOLVD (Studies of Left Ventricular 
Dysfunction). The results of the Treatment Trial arm 
of SOLVD in patients with overt congestive failure 
(mostly New York Heart Association classes II and 
ITI) have recently been published and show that mor- 
tality is reduced in this group also.® 
Although the incidence of side effects with angioten- 
sin-converting enzyme inhibitors is considered to be 
low, hypotension, renal dysfunction, skin rashes and an- 
gioneurotic edema, cough, leukopenia and taste distur- 
bances have been described.’-'!2 The hypotensive re- 
sponse to initial administration of angiotensin-convert- 
ing enzyme inhibitors is well documented,!? and there 
was particular concern that patients with more severe 
cardiac dysfunction might experience this side ef- 
fect.'415 Accordingly, the SOLVD investigators de- 
signed the study to include test doses of enalapril in all 
patients. Investigators had the option of hcspitalizing 
patients who were thought to be potentially vulnerable 
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TABLE I Bæaline Characteristics 


Nonhospitalized Patients 
Hospitalized 
Patients 
(n = 89) 


60.3 + 11.8 
2.9*+ 
66.2*t 


Qualifying 
{n = 2,905) 


60.1 + 9.9 


Nonquailifying 
(n = 4,545) 


Age (yrs) 59.7 + 10.5 
Men/women réto 
Vasodilator, noc an 
ACE inhibito- ar 
nitrate (%) 
Diuretics (%) 
Serum sodium 
(mEq/L) 
Systolic pressu € 
(mm Hg) 
Diastolic pressi © 
(mm Hg) 
Heart rate (beasi 
min) 
Ejection fraction 1%) 27.6 + 6.0T 
Heart failure sca«et 1 (0.89) 
NYHA class | (%.§ 49 
NYHA class I "4 40 
NYHA class II 5) 10 
NYHA class IV F5) 1 
*p <0.05 compæred with nonhospitalized qualifying patients; tp < 0.05 compared 
with nonhospitaliz nonqualifying patients. 
Value shown fceart failure score is median with mean in parentheses. 
§Distribution of “YHA class tested among the 3 groups using the Mantel-Haenszel! 
chi-square test; results significantly different at p <0.05 for hospitalized patients 
compared with norkospitalized qualifying and nonqualifying patients. 
Among nonhosptalized patients, “qualifying” refers to presence and “nonqualifying” 
to absence of NA class IV status, non-ACE inhibitor or non-nitrate vasodilator 


therapy, or serum Cum <130 mEq/lite er, 
ACE = angioten: i-converting enzyme; NYHA = New York Heart Association. 


62.9*ł 39.8t 37.5 
138.6 + 4.0*} 139.8 +3.11} 140.1 + 3.0 


114.4 + 16.l1*ł 125.9 + 17.5 125.3 + 17.6 


72.7 + 10.1%ł 77.5 210.57 78.3 + 10.3 


84.7 + 15.0*f 74.4 t 12.8} 77.0 + 13.2 


E or 26.9 + 7.3 





to hypotensiam for observation during the test doses. 
This report psesents the results of the test doses of ena- 
lapril in the hospitalized patients. 


METHODS 

SOLVD cludes patients with left ventricular ejec- 
tion fractions <35% who are New York Heart Associ- 
ation class I : IV. The study began in June 1986, with 
a planned duration of 5 years, No patient was admitted 
to the hospita for monitoring after February 28, 1989. 
As of that die, 7,539 patients had been seen for an 
initial visit. The study design called for the administra- 
tion of 2 test doses of enalapril at this initial visit. Pa- 
tients who esperienced intolerable side effects would 
therefore be 2xcluded from the randomization. Sug- 
gested criteria. for admitting patients to hospital for ob- 
servation werz history of New York Heart Association 
class IV cardiac failure, treatment with a nonangioten- 
sin-converting enzyme inhibitor vasodilator other than 
nitrates, and serum sodium <130 mEq/liter. The pur- 
pose of hospifélizing these patients who were potentially 
at increased risk for hypotension was to gain experience 
with drug safety. Admission was not mandatory if the 
patient displa.ed the suggested criteria. A patient could 
also be admitted based on the investigator’s concern 
even if the paient did not meet the criteria. 
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After admission to the hospital, an initial test dose 
of 2.5 mg of enalapril was administered orally, followed 
by a second 2.5 mg dose 12 hours later. Cuff blood 
pressure was recorded in the supine position at intervals 
after the test doses. Side effects including dizziness and 
syncope were recorded. At the end of the study period 
patients were discharged from the hospital. Baseline 
characteristics and blood pressure responses in symp- 
tomatic hospitalized patients were tested against those 
in nonhospitalized patients using Student’s t, Mantel- 
Haenszel or Pearson chi-square test, as appropriate. 
Changes in blood pressure for all patients across all 
measured points in time were tested for significance us- 
ing a repeated measures analysis of variance, and pair- 
wise time comparisons were obtained with paired Stu- 
dent’s ¢ tests using the Bonferroni correction. Potential 
risk factors for development of symptoms were tested 
by univariate logistic regression. Data are represented 
as mean + standard deviation. For clinical symptoms 
and signs, a “heart failure score” was calculated based 
on a modification of the method of Lee et al 8 One 
point was assigned for each of the following: breathless- 
ness on exertion, pulmonary rales, $3 gallop, increased 
jugular venous pressure, peripheral edema, heart rate 
>100 beats/min and presence of pulmonary congestion 
on chest x-ray (maximal number of points = 7). The 
Wilcoxon signed-rank test was used to test the signifi- 
cance of score differences between groups. 


RESULTS 

Of 7,539 patients administered test doses of enala- 
pril at the initial visit, 89 (1.2%) were admitted to the 
hospital. An additional 2,905 patients (39%) were New 
York Heart Asscciation class IV or on nonangiotensin- 
converting enzyme inhibitor nonnitrate vasodilators, or 
had serum sodium <130 mEq/liter, but were not hos- 
pitalized by the investigators for the test dose of enala- 
pril. Patient characteristics are listed in Table I. The 89 
hospitalized patients had a more advanced degree of 
congestive failure, as judged by New York Heart Asso- 
ciation class, than did the 2,905 who met the suggested 
criteria, but were not hospitalized. They also had great- 
er use of diuretics, and lower serum sodium, systolic 
and diastolic blocd pressures, and left ventricular ejec- 
tion fraction, and higher heart rate and heart failure 
score. Nonhaspitalized patients who met the suggested 
criteria for hospitalization also differed from those who 
did not in greater use of diuretics, and lower serum 
sodium, diastolic pressure and heart rate, and a slightly 
but significantly higher ejection fraction (Table I). 

Results of monitoring blood pressure after adminis- 
tration of test doses of enalapril are listed in Table II. 
Repeated measures analysis of variance showed a sig- 
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nificant difference from baseline over total time of ob- 
servation for both systolic (p <0.007) and diastolic (p 
<0.02) pressures. Pairwise comparisons showed that 
systolic pressure was significantly lower than baseline 
for hours 8 to 20, and diastolic pressure for hours 16 to 
24. Dizziness developed in 11 patients, and 2 had syn- 
cope during the course of the study. A series of univari- 
ate logistic regression models were tested to evaluate 
factors that might predispose patients to these symp- 
toms. Factors evaluated were age, New York Heart 
Association class, vasodilators, diuretics, serum sodium, 
systolic pressure and left ventricular ejection fraction. 
None of the risk estimates were significant at the 0.05 
level. However, in a subset of patients with baseline sys- 
tolic pressure <100 mm Hg, 5 of 12 (42%) became 
symptomatic during the study compared with 8 of 
77 (10%) with systolic pressure =100 mm Hg (chi- 
square = 5.83; p= 0.016). In the 11 patients that 
developed dizziness, systolic blood pressure decreased 
from 112 + 11 at baseline to 98 + 13 mm Hg dur- 
ing the episode of dizziness, and diastolic pressure 
decreased from 71 + 7 to 61 + 12 mm He In the 
2 patients that developed syncope, the pressures de- 
creased from 96/60 to 80/55 and from 96/60 to 74/42 
mm Hg at baseline and during syncope, respectively. 


DISCUSSION 

The activity of the renin-angiotensin-aldosterone 
system depends on the clinical status of patients with 
congestive heart failure.!? The system becomes activat- 
ed when cardiac output and systemic arterial pressure 
are reduced owing to myocardial damage. When new 
myocardial damage supervenes, or compensatory hy- 
pertrophy fails, ventricular performance decreases while 
arterial impedance is increasing, cardiac output and ar- 
terial pressure continue to decrease, and the renin-an- 
giotensin-aldosterone system is further activated. He- 
modynamic and clinical benefits of angiotensin-convert- 
ing enzyme inhibition have, for the most part, been 


demonstrated in the decompensated stage of congestive ` 


heart failure. !®:!9 

Angiotensin-converting enzyme inhibitors have been 
well-tolerated in most clinical studies.>47-12 Nonethe- 
less, the SOLVD investigators were given the opportu- 
nity to hospitalize patients thought to be at risk for hy- 
potension during test doses of enalapril. The 89 patients 
hospitalized for observation were more severely ill than 
those not hospitalized, as shown by a more advanced 
New York Heart Association class, and lower serum 
sodium, blood pressure and ejection fraction, and high- 
er heart rate and heart failure score (Table I). After 
the initial 2.5 mg dose of enalapril, a significant reduc- 
tion in blood pressure was evident by the eighth hour, 





TABLE I! Blood Pressure Responses to Enalapril (mm Hg) 


Time (hr) n* Diastolic 


Systolic 


115+ 18 
-2 +10 
-4 + 15 
~5+ 14 
~6 +14 
—8 + 15} 
-8B + 16t 
~10 + 15ł 
—11 + Lët 
-6 +16 
*Number of observations at each time point; statistics performed in subset of 
patients with complete data at all time points (n = 52). 


+Baseline data are ac-ual pressures; all other data are changes in pressure. 
tp <0.05 compared with contro! subjects. 


Baselinet 


which persisted up to the 12th hour when the second 
2.5 mg dose of enalapril was administered, through to 
the twenty-fourth hour when the study was terminated 
(Table II). Symptoms of dizziness or syncope occurred 
in 13 of these patients (15%) and were associated with 
a more substantial reduction in blood pressure than for 
the group as a whole. There was considerable heteroge- 
neity in the baseline characteristics of the patients that 
developed symptoms, and age, New York Heart Asso- 
ciation class, vasodilators, diuretics, serum sodium, sys- 
tolic pressure, and left ventricular ejection fraction did 
not prove to be predictive of symptoms by univariate 
logistic regression analysis. However, a subset of pa- 
tients with systolic blood pressure <100 mm Hg was 
identified who showed a significantly higher incidence 
of symptomatic hypotension. 

It is evident from this investigation that small doses 
of the angiotensin-converting enzyme inhibitor enalapril 
are readily tolerated by most patients with cardiac dys- 
function thought to be at risk for hypotension. How- 
ever, patients with relatively advanced congestive fail- 
ure and with systolic pressure <100 mm Hg appear to 
be at increased risk for symptomatic hypotension. 
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VALVULAR HEART DISEASE 


Systemic and Left Ventricular Responses to 
Exercise Stress in Asymptomatic Patients with 
Valvular Aortic Stenosis 


Christopher A. Clyne, MD, James A. Arrighi, MD, Barry J. Maron, MD, 
Vasken Dilsizian, MD, Robert O. Bonow, MD, and Richard O. Cannon Ill, MD 





Patients with heart disease may have myocardial 
ischemia or left ventricular (LV) dysfunction 
without symptoms. The exercise responses of 14 
asymptomatic patients with valvular aortic ste- 
nosis (AS) were studied using treadmill testing, 
thallium-201 scintigraphy and radionuclide angi- 
ography. Compared with age- and gender- 
matched control subjects, patients with AS dem- 
onstrated reduced exercise tolerance (10.7 + 
2.5 vs 13.3 + 4.2 min; p = 0.06) and maximal 
oxygen consumption (26.7 + 6.3 vs 36.3 = 9.5 
ml O2/min/kg; p = 0.004) associated with de- 
creased peak systolic blood pressure response to 
exercise (177 + 18 vs 214 + 42 mm Hg; p 
<0.004). Ten of 14 patients developed ST-seg- 
ment depression during exercise, only 3 of whom 
had reversible thallium defects. Patients with AS 
tended to have greater LV ejection fractions at 
rest (65 + 11 vs 58 + 7; p = 0.08) and signifi- 
cantly decreased early peak filling rates (4.8 + 
1.3 vs 6.1 + 0.6 stroke volume/s; p = 0.003) 
compared with those of control subjects. During 
maximal supine exercise, patients with AS had 
less of an increase in ejection fraction (2 + 9 vs 
15 + 7%; p <0.001) associated with a decrease 
in end-diastolic (—7 + 15 vs +5 + 16%: p = 
0.06) and stroke (—6 + 17 vs +30 i 13%; p 
<0.001) volumes from baseline measurements. 
The limitation in stroke volume and heart rate to 
exercise stress in patients with AS was associ- 
ated with attenuation of the cardiac output re- 
sponse during exercise compared with that of 
control subjects (73 + 48 vs 284 + 48%: p 
<0.001), which correlated directly with effort 
limitation {r = 0.717, p = 0.004). Thus, despite 
the absence of symptoms patients with AS dem- 
onstrate limited effort tolerance with abnormal 
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systemic and LV hemodynamics, which is most 
likely a consequence of the inability to augment 
end-diastolic volume during exercise. 

(Am J Cardiol 1991;68:1469-1476) 


(AS), valve replacement is commonly deferred un- 

til symptoms such as effort dyspnea, chest pain 
and alterations in consciousness are reported to the 
physician.!-3 However, patients with AS may have im- 
paired left ventricular (LV) function in the absence of 
symptoms, because of denial, gradual decrease in activ- 
ity level, or cardiac or peripheral compensation. Al- 
though exercise testing might allow functional and he- 
modynamic assessment of the asymptomatic patient 
with significant AS, current guidelines advise against 
such testing, an approach supported by occasional 
reports of hemodynamic collapse during exercise of 
symptomatic patients.>. 

Nonetheless, knowledge of a patient’s exercise re- 
sponse may support a continued nonoperative approach 
to the asymptomatic patient or may identify patients at 
relatively high risk because of abnormal exercise hemo- 
dynamics that may then result in recommendation for 
early valve replacement. Furthermore, an investigator 
with a large operative experience has recenily argued 
for earlier operative intervention in patients with AS in 
an attempt to improve long-term postoperative surviv- 
al.” This study assesses exercise capacity, hemodynam- 
ics, myocardial perfusion and LV function in patients 
with AS to determine whether abnormal responses are 
demonstrable in patients without symptoms. 


I: adult patients with valvular aortic stenosis 


METHODS 

Patients: Fourteen patients with clinical and echo- 
cardiographic evidence of valvular AS participated in 
this study. There were 12 men and 2 women (age 
range 28 to 65 years, average 42). All patients denied 
effort limitation or dyspnea, chest discomfort and alter- 
ations in consciousness. No patient had underlying pul- 
monary disease, anemia, peripheral vascular disease, 
disease of other heart valves, known coronary artery 
disease or cardiomyopathy. The patients were com- 
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TABLE ! Patizat Characteristics, and Electrocardiographic and 
Echocardiograchic Data 


LVH Valve 
by Gradient 
EKG (mmHg) 


LVMI 
(g/m?) 


LVED 


Patient Age yr) & Sex (cm) 
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EKG = electrocarciagraphy; LVED = left ventricular end-diastolic dimension; LVH = 
eh ventricular hypetophy; LVMI = left ventricular mass index; + = presence; 0 = 
absence. 


pared with 2 separate sets of age- and sex-matched 
control subjeds. Control subjects were asymptomatic 
volunteers and were free of heart disease by history, 
physical exammmation and electrocardiogram. The con- 
trol group for treadmill exercise testing consisted of 12 
men and 2 women (average age 46 years, range 30 to 
71). The con-rol group for radionuclide angiography 
consisted of 9 men and 2 women (average age 40 
years, range Z to 60). 

Study protacol: All patients and the control subjects 
for radionuclid2 angiography underwent M-mode and 
2-dimensional echocardiography with continuous wave 
Doppler estimate of the aortic valvular gradient, using 
the modified Eernoulli equation.2 LV mass was esti- 
mated from the M-mode echocardiogram using the 
American Socety of Echocardiography method, modi- 
fied by Devere.x.? Written informed consent was ob- 
tained from all attente for the performance of noninva- 
sive studies described below. 

Treadmill testing: Graded treadmill exercise testing 
was performec using the standard Bruce protocol, with 
continuous monitoring of 12-lead electrocardiogram 
and blood presure measurement at 1 minute intervals. 
Intraarterial mzasurements were obtained in patients, 
whereas blood pressure was monitored in the control 
subjects by cu f sphygmomanometry. In all studies, 
exercise was ccatinued to exhaustion or development of 
symptoms. Vertilation variables were measured with 
breath-by-breain analysis of expired gases (Sensor- 
Medics Horizcas MMC 4400, Anaheim, California), 
and included -ie following parameters!®: VO max = 
maximal oxyge1 consumption per kilogram during ex- 
ercise; % pred.cted VO max = percent of predicted 
maximal oxygea consumption for a group of subjects of 
the same age, 32x, weight and height; and VT = venti- 
lation (anaerob-c) threshold from visual inspection of 





the curves relating minute ventilation to oxygen con- 
sumption and carbon dioxide release, and carbon diox- 
ide release to oxygen consumption and time. These de- 
terminations were averaged for each subject. 

Thallium-201 scintigraphy: Thallium-201 single 
photon emission computed tomography was performed 
in 12 of 14 patients with 2 mCi of thallium-201 inject- 
ed approximately 1 minute prior to the termination of 
exercise, and with imaging (Apex 415, APC-3 Elscint, 
Boston, MA) at 10 minutes following exercise and after 
3—4 hours of rest. Details of count acquisition and im- 
age analysis have been described previously.!! 

Radionuclide ventriculography: Technetium-99m 
gated blood pool scintigraphy was performed at rest 
and during symptom-limited graded supine bicycle er- 
gometry. Exercise was performed in 25 watt increments 
at 2 minute intervals. Peak diastolic filling rates were 
computed from analysis of time-activity curves, as pre- 
viously described,!* and were expressed relative to LV 
stroke volume. The relative changes during exercise in 
end-diastolic, end-systolic and stroke volumes, and car- 
diac output were computed from analysis of changes in 
counts at appropriate points in the cardiac cycle, com- 
paring rest with peak exercise after correction for physi- 
cal decay of the isotope. Whereas ejection fraction is 
measured as a percentage, ejection fraction response 
was computed as the difference between values during 
exercise and at rest. Changes in relative LV volumes 
were computed as a percentage of the resting value. 

Statistical analyses: All data are reported as mean 
+ ] standard deviation. Group data were compared us- 
ing 2-tailed Student’s ¢ test. Linear regression analyses 
were performed where indicated. A p value <0.05 was 
considered significant. 


RESULTS 

Echocardiographic and electrocardiographic data 
(Table I): LV end-diastolic dimensions were slightly 
larger for patients than for control subjects (5.2 + 0.7 
vs 4.8 + 0.5 cm), although not statistically significant. 
The peak instantaneous aortic valve gradients at rest 
for patients ranged from 40 to 144 mm Hg (mean 68), 
and the estimated LV mass index ranged from 92 to 
227 g/m* (mean 145). Ten patients had LV hypertro- 
phy by echocardiography (>134 g/m? in men; >110 
g/m? in women).? Seven patients had electrocardio- 
graphic evidence of LV hypertrophy using Estes’ crite- 
ria'3; the remaining 7 had normal electrocardiograms 
at rest. There was no correlation between magnitude of 
aortic valve gradient at rest and LV mass index or pres- 
ence or absence of LV hypertrophy by electrocardiog- 
raphy. 

Treadmill exercise results: Baseline and exercise 
treadmill hemodynamics are listed in Table II. Baseline 
heart rate, systolic blood pressure and oxygen consump- 
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TABLE II Baseline and Treadmill Exercise Hemodynamic and Ventilation Parameters 


Contro! 


Subjects Patients p Value 


Rest 
Heart rate (beats/min) 
Systolic blood pressure (mm Hg) 
VO2 (mi O2/min/kg) 


End exercise 
Heart rate 
Systolic blood pressure (mm Hg) 
YO2max (ml Oe/min/kg) 
% predicted VO2max 
VT (ml O2/min/kg) 
Duration (min) 


79 +10 
136 +17 
3.8 + 0.9 


177 + 14 
214 + 42 
36.3 + 9.5 
104 + 24 
18.9 + 4.6 
13.3 + 4.2 


73 +14 
141+18 
46+ 1.3 


171 +19 
167 + 22 
26.7 + 6.3 

75+19 
17.5 3.6 
10.7 22:5 


max = maximal; NS = not significant; VO2 = oxygen consumption; VT = ventilation {anaerobic} threshold. 


tion did not differ between patients with AS and con- 
trol subjects. During symptom-limited upright treadmill 
exercise, 13 of 14 patients stopped because of fatigue. 
One patient stopped because of light-headedness de- 
spite having a systolic blood pressure of 150 mm Hg. 
All control subjects stopped because of fatigue. Patients 
demonstrated reduced effort tolerance with a mean ex- 
ercise time of 10.7 + 2.5 min compared with 13.3 + 
4.2 min for control subjects, which was of borderline 
statistical significance (p = 0.06). Although heart rate 
response was similar between the 2 groups, peak systol- 
ic blood pressure response was significantly lower in pa- 
tients than in control subjects (177 + 18 vs 214 + 42 
mm Hg; p <0.004; Figure 1). One patient had a con- 
tinuous decrease in systolic blood pressure during exer- 
cise (173 to 155 mm Hg), and 1 had a <10 mm Hg 
increase in systolic blood pressure during exercise (155 
to 161 mm Hg). Seven additional patients had a reduc- 
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Controls 


Initial 








tion in systolic blood pressure from peak pressure to 
pressure at the end of exercise (28 mm Hg in 1 patient, 
and <10 mm Hg in the others). The systolic blood 
pressure at the end of exercise was 167 + 22 mm Hg. 
VO max was significantly lower for patients than 
for control subjects (26.7 + 6.3 vs 36.3 + 9.5 ml 
O,/min/kg; p = 0.004), as was % predicted VO.max 
(75 + 19% vs 104 + 24%; p = 0.002). Ventilatory 
threshold, an index of anaerobic threshold during exer- 
cise, was similar between the 2 groups. 

During exercise, 6 of the 7 patients with LV hyper- 
trophy on baseline electrocardiography developed sig- 
nificant ST-segment depression (average 4 mm, range 
2 to 5). Of the 7 patients with normal electrocardio- 
grams at rest, 4 developed ST-segment depression with 
exercise (average 3 mm, range 2 to 5), 1 developed a 
right bundle branch block, and the remaining 2 patients 
had no electrocardiographic changes compared with 


Peak 


Aortic Stenosis 


Initial Final 


FIGURE 1. Systolic blood pressures (BP) at rest and during graded treadmill exercise (Bruce protocol) are shown for control 


subjects and asymptomatic patients with aortic stenosis. 
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TABLE UI Rect and Exercise Radionuclide Angiographic Data 


Control Subjects Patients 


Rest 
Heart ~ate (beats/min) 
Systol= blood pressure (mm Hg) 
LV ejection fraction (%) 
Peak filing rate (SV/sec) 


Peak exercise 
Heart ate 
Systol> blood pressure (mm Hg) 


Work Bad (W) 

Duration (min) 

LV ejection fraction (%) 

LV ejection fraction 
change from baseline (%) 


% charge from baseline 
LV end-diastolic volume +5+16 -7 +15 
LV end-systolic volume —30 + 28 —13 + 30 
Stroxe volume +30 + 13 -6 ż 17 
Carciac output +284 + 48 +73 + 48 


LV = left ventricul :r; NS = not significant; SV = stroke volume. 





FIGURE 2. Changes in left ventricular 
ejection fraction from rest to peak supine 
bicycle exercise are shown for control sub- 
jects and patients with aortic stenosis. 
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FIGURE 3. Changes in end-diastolic (EDV) 
and end-systolic (ESV) volumes from rest 
to peak supine exercise by radionuclide 
angiography are shown for contro! sub- 
jects and patients with aortic stenosis. 
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baseline. No control subject demonstrated significant 
electrocardiographic changes during exercise. 

Thallium scintigraphy: Thallium scintigraphy was 
normal in 9 of the 12 patients in whom studies were 
performed (including 7 patients with 3 to 5 mm ST- 
segment depression during exercise), and demonstrated 
reversible regional perfusion defects in 3. No patient 
had evidence of endocardial hypoperfusion, as indicated 
by apparent cavity dilatation after exercise. Of the 3 
patients with reversible thallium defects, 1 was a 34- 
year-old patient without risk factors for coronary artery 
disease, the second was a 60-year-old man who under- 
went cardiac catheterization and was found to have an- 
giographically normal coronary arteries, and the third 
was a 65-year-old man who refused cardiac catheter- 
ization. There was no relation between thallium results 
and exercise performance or electrocardiographic re- 
sponses, Although all 3 patients with reversible regional 
thallium defects had >2 mm ST-segment depression 
during exercise, and 2 had a reduction in LV ejection 
fraction during exercise, there were 7 others with ST- 
segment depression and 2 with either a decrease or no 
change in ejection fraction during exercise who had en- 
tirely normal thallium studies. 

Radionuclide angiography: As listed in Table IM, 
heart rate and systolic blood pressure at rest, measured 
during radionuclide angiography, did not differ be- 
tween the patients and control subjects. LV ejection 
fraction at rest for patients ranged from 46 to 83% and 
was slightly but insignificantly higher than for control 
subjects (65 + 11 vs 58 + 7; p = 0.08). Despite higher 
LV ejection fractions at rest, patients had a significant- 
ly reduced peak LV filling rate (4.8 + 1.3 vs 6.1 + 0.6 
stroke volume/s; p = 0.003). There was an inverse cor- 
relation of the peak filling rate with age (r = —0.678, 
p = 0.008), but not with LV mass index (r = —0.091, 
p = not significant). 


FIGURE 4. Changes in stroke volume 
from rest to peak supine exercise are 
with aortic stenosis. 
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During supine bicycle exercise, patients had a signif- 
icantly shorter duration of exercise (6.1 + 2.4 vs 13.9 
+ 2.4 min; p <0.001) and lower workload (88 + 27 vs 
181 + 28 W; p <0.001) at a lower systolic blood pres- 
sure (198 + 31 vs 143 + 12 mm Hg; p = 0.002) and 
heart rate (134 + 18 vs 156 + 16 beats/min; p = 
0.003) than did control subjects. Control subjects re- 
sponded to exercise with a 15 + 7% increase in ejection 
fraction compared with that at baseline, in contrast to 
an only 2 + 9% increase in patients (p <0.001; Figure 
2). Three patients demonstrated an actual decrease in 
ejection fraction during exercise, and 1 had no change 
in ejection fraction compared with that at baseline. The 
relevance of this abnormal ejection fraction response to 
exercise is suggested by the lower VO max (20.6 + 2.6 
vs 29.1 + 5.6 ml O2/min/kg; p = 0.08) and % predict- 
ed VO, max (61 + 7 vs 81 + 19%; p = 0.04) in these 
4 patients compared with the 10 whose LV ejection 
fractions increased during exercise. 

The patients also demonstrated a decrease in end- 
diastolic volume during exercise (—7 + 15%) compared 
with an increase in that of control subjects (5 + 16%; 
p = 0.06; Figure 3). In contrast to the 30 + 28% de- 
crease in end-systolic volume with exercise demon- 
strated by control subjects, patients had a less substan- 
tial decrease in end-systolic volume (13 + 30%), al- 
though this did not achieve statistical significance (p = 
0.08). As a result, stroke volume decreased during exer- 
cise in the patients (—6 + 17%) and increased in con- 
trol subjects (30 + 13%; p <0.001; Figure 4). As 
shown in Figure 5 there was a similar and significant 
correlation between the changes in end-diastolic and 
stroke volumes with exercise for both patients and con- 
trol subjects. Examination of these relations reveals 
clustering of the control subjects toward the middle and 
upper end of this relation, and of the patients toward 
the lower end, reflecting the significant differences in 
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both stroke ard end-diastolic volume responses of these 
2 groups durmg exercise. In contrast, there was no rela- 
tion between changes in end-systolic and stroke vol- 
umes during 2xercise for either patients (r = 0.06) or 
control subjects (r = 0.197). The actual decrease in 
stroke volur during exercise and the lower heart 
rate response. during supine exercise translated into a 
marked reduc ion in the cardiac output response to ex- 
ercise for pafi2nts compared with control subjects (73 
+ 48 vs 284 + 48%; p <0.001; Figure 6). As shown in 
Figure 7, the limitation in cardiac output response to 
exercise correktted significantly with the limited exer- 
cise duration and work load of patients during supine 
bicycle exercie. 


0.6 


DISCUSSION 

Exercise studies have been reported in patients with 
valvular AS, but largely restricted to young patients 
with congenital valvular disease.!4-2! Abnormal electro- 
cardiographic (ST-segment depression) and hemody- 
namic responses (blunted blood pressure response or ac- 
tual decrease in blood pressure during exercise) have 
frequently been noted in these patients, even in the ab- 
sence of symptoms. Aronow and Harris? reported that 
7 of 19 symptomatic adult patients with AS and angio- 
graphically normal coronary arteries had >1 mm ST- 
segment depression during exercise, but this did not 
correlate with magnitude of valvular gradient at rest. 
Areskog® reported a reduction in blood pressure during 
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FIGURE 5. Chaszes in stroke volume (A SV) from rest to peak supine exercise plotted in relation to changes in end-diastolic (A 
EDV) and end-srstolic (A ESV) volumes are shown for control subjects (closed circles) and patients with aortic stenosis (open 


circles). 
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FIGURE 6. Changes in cardiac output 
from rest to peak supine exercise are 
shown for contro! subjects and patients 
with aortic stenosis. 
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exercise in 36 consecutive symptomatic adults with val- 
vular AS, but found it to be of poor predictive accuracy 
with regard to severity of valve gradient. Nylander et 
_ al? exercised 76 adult patients with AS, all but 3 of 
whom were symptomatic, and found abnormal blood 
pressure hemodynamics in 62 (a decrease in blood pres- 
sure or limited increase of <10 mm Hg/30 W work 
load). No complications were encountered during exer- 
cise testing in this series of largely symptomatic adults 
with operable AS. 

Compared with age- and sex-matched healthy con- 
trol subjects, asymptomatic patients with valvular AS 
in the current study demonstrated impaired effort toler- 
ance during graded treadmill exercise testing (by 20%) 
and reduced VO.max and % predicted VO2max (both 
by 28%). Maximal systolic blood pressure response of 
patients with AS was significantly lower than that of 
control subjects, with abnormal blood pressure re- 
sponses developing in 9 patients. Ischemic-appearing 
ST-segment depression was frequently observed in our 
study (10 of 14 patients), was often dramatic (up to 5 
mm) and was similarly prevalent in patients with (6 of 
7) and without (4 of 6) LV hypertrophy on the electro- 
cardiogram at rest (an additional patient without LV 
hypertrophy on electrocardiogram developed a right 
bundle branch block pattern during exercise). However, 
despite the ischemic appearance of the electrocardio- 
graphic response to exercise, thallium scans were entire- 
ly normal in 9 of 12 patients who underwent this study, 
although mild diffuse subendocardial ischemia cannot 
be excluded by thallium scintigraphy. 
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The asymptomatic patients in our study had mar- 
ginally higher LV ejection fractions at rest than did 
control subjects. Borer et al?4 reported that LV ejection 
fractions in 26 symptomatic patients with AS deter- 
mined by radionuclide angiography decreased from 
67% at rest to 57% during exercise, and increased dur- 
ing exercise to 72% in 13 patients after aortic valve 
replacement. In our asymptomatic patients with AS, 4 
demonstrated either no change or a decrease in ejection 
fraction as a consequence of abnormal end-systolic and 
end-diastolic volume changes during exercise. The rele- 
vance of this abnormal ejection fraction response to ex- 
ercise is suggested by the lower oxygen consumption 
during exercise in these 4 patients compared with that 
in the 10 whose LV ejection fractions increased during 
exercise. The reduction in ejection fraction may in part 
be a consequence of myocardial ischemia, in that 2 of 
the 3 patients with a decrease in ejection fraction dur- 
ing exercise had reversible regional thallium defects 
during treadmill exercise. For most patients, effort limi- 
tation may have been a consequence of abnormal dia- 
stolic function. Subendocardial ischemia undetected by 
thallium scintigraphy may have contributed to abnor- 
mal diastolic function during stress. Peak filling rate at 
rest was significantly lower in patients than in control 
subjects. During exercise, end-diastolic volume actually 
decreased, and this compromise of diastolic filling vol- 
ume during exercise along with a limited decrease in 
end-systolic volume resulted in an actual decrease in 
stroke volume during exercise. This decrease in stroke 
volume contributed to the marked limitation in cardiac 
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FIGURE 7. Changes in cardiac output (A CO) in relation to supine exercise duration (left) and work load (right) are shown for 


study patients. 
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output respcnse to exercise compared with that of con- 
trol subjects which in turn correlated directly with the 
diminished effort duration and work load in the pa- 
tients. Althcugh relative and not absolute LV volume 
changes durng exercise were measured in our study, 
the similar basal LV volumes for patients with AS and 
for control subjects support the relevance of our find- 
ings. 

Limited Sroke volume and cardiac output responses 
to supine bicycle exercise stress in symptomatic patients 
with severe valvular AS as a consequence of abnormal 
end-systolic and end-diastolic volume changes during 
exercise have been reported in previous studies.2°-2? 
The average 1% change in stroke volume (by Fick car- 
diac output cetermination) in 18 symptomatic patients 
studied by anderson et al?> is similar to the —6% 
change in stroke volume during exercise in our asymp- 
tomatic patients who also performed supine exercise. It 
has been noted in patients with AS after aortic valve 
replacement?! and in patients with LV hypertrophy 
associated wth hypertension** that the limitation in 
stroke volume response to exercise is largely a conse- 
quence of the inability to augment end-diastolic volume 
during stress. 

Although a randomized study for operative valve re- 
placement based on abnormal exercise hemodynamics 
versus awaiting the development of symptoms will 
probably never be performed, our findings of abnormal 
exercise responses in a subset of asymptomatic patients 
at least merit careful follow-up evaluations if a nonop- 
erative “watcaful waiting” approach is chosen. Con- 
versely, excellent effort tolerance with normal exercise 
hemodynamic would seem reassuring to the physician 
and patient, and would permit less restriction of activi- 
ties. Serial exercise testing may additionally allow iden- 
tification of ceterioration in cardiac compensation to 
AS, as well æ detection of the subtle onset of symp- 
toms. 
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Doppler Echocardiographic Findings in Adults 
with Severe Symptomatic Valvular 
Aortic Stenosis 
Catherine M. Otto, MD, Rick A. Nishimura, MD, Kathryn B. Davis, PhD, 


Katherine B. Kisslo, RDMS, Thomas M. Bashore, MD, and the 
Balloon Valvuloplasty Registry Echocardiographers* 


Baseline echocardiographic data in 680 adults 
(mean age 78 years) undergoing balloon aortic 
vaivuloplasty at 24 medical centers were ana- 
lyzed to describe the degree of outflow obstruc- 
tion in patients with symptomatic aortic stenosis. 
Maximal aortic jet velocity ranged from 2.3 to 
6.6 m/s (mean 4.4 + 0.8) and continuity equa- 
tion valve area ranged from 0.1 to 1.4 cm2 
(mean 0.6 + 0.2). Of note, 36% had a jet veloci- 
ty <4.0 m/s but only 3% had a valve area >1.0 
cm? due to a high prevalence of impaired systolic 
function (54%). Outflow tract diameter was 
poorly correlated with body surface area 

(p = 0.26), although the group mean diameter 
was smaller in women than in men (1.9 + 0.2 vs 
2.1 + 0.3 cm, p = 0.0001). 

Mean pressure gradient was related closely to 
maximal gradient (r = 0.92) and to maximal jet 
velocity (mean AP = 2.4 V2 + 0.75 mm Hg). Sim- 
pler measures of aortic stenosis severity were 
correlated with Doppler and invasive valve area 
as follows: maximal jet velocity (r = --0.36 and 
~0.32), mean gradient (r = —0.33 and —0.29), 
outflow tract to jet velocity ratio (r = 0.67 and 
0.40), and the fractional shortening velocity ratio 
(r = 0.29 and 0.22). 

This study demonstrates marked variability in 
stenosis severity in symptomatic adults referred 
for balloon aortic valvuloplasty. The absence of a 
predictable relation between outflow tract diam- 
eter and body size emphasizes the importance of 
this measurement in each patient if definition of 
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valve area is needed. The correlations between 
mean pressure gradient and maximal jet veloci- 
ty, and between valve area and the velocity ratio 
support the potential use of these simpler mea- 
sures of stenosis severity. 

(Am J Cardiol 1991:68:1477-1484) 


accepted clinical methods for evaluation of 

aortic stenosis severity in symptomatic 
adultes (2 Transaortic pressure gradients, calculated 
from flow velocities using the Bernoulli equation, and 
valve areas, determined by the continuity equation, 
have been well validated compared with manometric 
pressure gradients and Gorlin formula valve areas in 
animal models,*> in patients with a wide range of ste- 
nosis severity,°-!! and in adults undergoing balloon val- 
vuloplasty.!*!3 Several previous studies have suggested 
that simpler descriptors of stenosis severity — including 
aortic jet maximal velocity,'4 the ratio of maximal ve- 
locities in the outflow tract and aortic jet,®!° use of 
maximal velocities instead of velocity-time integrals in 
the continuity equation,?!> mean pressure gradient 
calculated from an empirically determined regression 
equation! and the fractional shortening-velocity ratio!® 
— may be as useful in clinical decision-making as con- 
tinuity equation valve areas and measured mean pres- 
sure gradients. This study examines the baseline Dopp- 
ler echocardiographic data in symptomatic adults un- 
dergoing balloon aortic valvuloplasty at 24 medical 
centers to: (1) describe the variability in severity of aor- 
tic stenosis and other echocardiographic findings in 
symptomatic patients; (2) evaluate the relation of out- 
flow tract diameter to body size and to stenosis severity 
in adults with severe symptoms; and (3) examine the 
relation between complex and simplified Doppler mea- 
sures of stenosis severity. 


D oppler echocardiographic techniques now are 


METHODS 

Patient population: The Balloon Valvuloplasty Reg- 
istry included adults undergoing aortic valvuloplasty at 
24 medical centers between November 1, 1987, and 
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TABLE I Baseline Doppler and Echocardiographic Data in 
Patients Undergoing Balloon Aortic Valvuloplasty (n = 680) 


Mean + 1 Sp 


4.4 +08 

48 + 18 

79 + 20 
0.82 + 0.22 


Variable Range 


2.3-6.6 
13-120 
21-174 

0.31.6 


Aortic stenosis maximal jet velocity (m/s) 
Mean pressure gradient (mm Hg) 
Maximal pressus gradient (mm Hg) 
Left ventricular cutflow tract maximal 
velocity (m/s) 
Left ventricular cutflow tract diameter (cm) 
Aortic vaive area(cm2) 
Aortic valve index (cm2/m2) 
Left atrial size (cn) 
Left ventricular Cmensions (mm) 
Diastole 
Systolé 
Fractional sho tening (%) 


2.0 + 0.3 1.1—3.2 
0.6 + 0.2 0.1-1.4 
0.35 + 0.12 0.06-0.92 
4529 21-85 


51+ 10 
36 +12 
29 +12 


27-141 
14-79 
2—72 


October 30, 1989. All subjects gave informed consent 
and the study protocol was approved by each institu- 
tion’s review board. The current study is based on the 
680 patients undergoing aortic valvuloplasty with base- 
line echocardDgraphic data (interval between echocar- 
diography and valvuloplasty 3 + 6 days). Age range 
was 24 to 103 years (mean 78) with 42% men and 58% 
women. Symrtomatically, 23% of patients had mild or 
no heart failuze symptoms, whereas 76% were in New 
York Heart Association class IH to IV (1% unknown). 

Doppler echocardiography: The echocardiographic 
data were recorded and analyzed at each medical cen- 
ter using striccly defined standards agreed to by each 
echocardiographer. Aortic stenosis jet maximal velocity 
was recorded with continuous-wave Doppler ultrasound 
from the wincow yielding the highest frequency shift 
with careful patient positioning and transducer angula- 
tion to obtain a parallel intercept angle between the 
ultrasound beam and aortic jet. Left ventricular outflow 
tract (LVOT) velocity was recorded with pulsed Dopp- 
ler ultrasound ‘rom an apical approach with the sample 
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volume (5 to 10 mm in length) positioned just proximal 
to the stenotic valve (documented by recording the aor- 
tic closing click). Outflow tract diameter (D) was mea- 
sured in midsystole from a parasternal long-axis view, 
parallel and just proximal to the aortic valve. Cross- 
sectional area (CSA) was calculated as: 


CSA, yor = 1(D/2)’ (1) 


All measurements were averaged from 3 to 5 beats 
for regular rhythms (78%) and from 5 to 10 beats for 
irregular rhythms (20%). 

Aortic valve area (AVA) was calculated using ve- 
locity time integrals (VTI) in the continuity equation 
(15%): 


AVA = (VTIyvor/VTI4s) X CSAryor (2) 


or maximal velocities (V) in the simplified continuity 
equation (85%): 


AVA = (Viyor/ Vas) X CSA.yor (3) 


Mean transaortic pressure gradient (AP) was deter- 
mined by averaging the instantaneous gradients over 
the systolic ejection period, calculated with the Bernoul- 
D equation: 


AP = 4V? (4) 


Left ventricular internal dimensions and left atrial 
size were measured by M-mode echocardiography. 
Fractional shortening (% FS) was calculated as the dif- 
ference between end-diastolic and end-systolic dimen- 
sions, divided by end-diastolic dimension. Left ventricu- 
lar hypertrophy was defined as a mean wall thickness 
212 mm. Overall systolic function was qualitatively as- 
sessed by an experienced observer as normal, or mildly, 
moderately or severely reduced. The presence of seg- 
mental wall motion abnormalities was noted. Aortic 


FIGURE 1. Bar graph of distribution of 
aortic maximal jet velocity. 
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and mitral regurgitation were evaluated with conven- 
tional pulsed or color Doppler flow imaging, with grad- 
ing of severity (none, mild, moderate or severe) using 
standard criteria.!7 

Potential simpler measures of the severity of aortic 
stenosis evaluated in this study were maximal jet veloci- 
ty,!4 maximal and mean pressure gradients, maximal 


outflow tract velocity to maximal aortic jet velocity ra- 


Velocity T atio == Vivor d Vas (5) 
and the fractional shortening velocity ratio!®: 
FSVR = %FS/4V’ (6) 


Invasive data: Valve area was calculated at cathe- 
terization immediately before valvuloplasty with either 
the Gorlin or Hakki formula using Fick, thermodilu- 
tion, or green dye cardiac output and the transaortic 
pressure gradient data. 

Data analysis: Data are expressed as means + 1 
standard deviation. Measurements were compared with 
each other by correlation coefficients. Means in sub- 
groups were compared by ¢ test. Correlations were 
transformed to the normal distribution and compared 
between subgroups by a test of equality of means of 
independent normally distributed random variables. 18 


RESULTS 

Baseline data (Table I): The range of maximal 
aortic jet velocities was wide in these symptomatic 
adults — 221 of 606 (36%) had a jet velocity <4.0 
m/s (Figure 1); only 21 of 606 (3%) had a jet velocity 
<3.0 m/s. The range of mean pressure gradients also 
was large. Although the range of valve areas is narrow- 


FIGURE 2. Left ventricular outflow tract 
(LVOT) diameter (x axis in centimeters) 
versus body surface area (y axis in meters 


squared). 
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TABLE Il. Prevalence of Associated Echocardiographic Findings 
in Patients with Aortic Stenosis 


No. of Pts. with 
Finding/ Total (%) 


Variable 


512/658 (78) 
392/658 (60) 
117/658 (18) 

3/658 (0.5) 
495/647 (77) 
283/647 (44) 
160/647 (25) 

52/647 (8) 

397/530 (75) 
214/670 (32) 


Aortic regurgitaticn 
Mild 
Moderate 
Severe 
Mitral regurgitation 
Mild 
Moderate 
Severe 
Left ventricular hypertrophy 
Segmental wall motion abnormalities 
Left ventricular systolic function 
Normal 
Mildly reduced 
Moderately recuced 
Severely reduced 


246/542 (45) 
103/542 (19) 

86/542 (16) 
107/542 (20) 


er, 16 of 524 (3%) had a valve area >1.0 cm?, yet had 
significant symptoms attributed to valvular aortic ste- 
nosis. The range of aortic valve areas is 0.06 to 0.92 
cm?/m? when indexed to body surface area. The range 
of invasive data was similar with mean pressure gradi- 
ents of 12 to 136 mm Hg (mean 55 + 21) and valve 
areas of 0.1 to 1.4 cm? (mean 0.51 + 0.20). Other 
echocardiographic findings are summarized in Table II. 

Outfiow tract diameter: Outflow tract diameter cor- 
related poorly with body surface area (r = 0.26, Figure 
2) or height (r = 0.22) in this adult population, al- 
though the group mean diameter for women (1.9 + 0,2 
cm) was smaller than for men (2.1 + 0.3 cm, p = 
0.0001). Outflow tract diameter was not related to left 
ventricular internal dimensions (r = 0.19) in this popu- 
lation. Repeat measurement of outflow tract diameter 


_LVOT diameter cm 
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after valvukplasty showed little difference from the 
baseline messurement (r = 0.92, y = 0.94x + 0.11 cm, 
Figure 3). 

Pressure zradients/jet velocity: Mean pressure gra- 
dient is relaced to Doppler and invasive valve areas 
(r = —0.33 end —0.29). Note that mean transaortic 
pressure grazient is related closely to maximal pressure 
gradient (n = 589, r = 0.92; mean pressure gradient = 
0.60 maxima. pressure gradient + 0.75 mm Hg) and to 
maximal aozic jet velocity (r = 0.92, mean pressure 
gradient = 24V2 + 0.75 mm Hg) (Figure 4). Aortic 
jet maximal ~elocity correlated with Doppler and inva- 
sive aortic valve area (r = —0.36 and —0.32). Of the 
326 patients with a jet velocity >4.0 m/s, 98% had a 
Doppler valve area <1.0 cm”. Of the 162 patients with 
a jet velocity of 3.0 to 4.0 m/s, 96% had a valve area 
<1.0 cm?. 

Simpler measures of aortic stenosis severity: To 
evaluate the mportance of the components of the conti- 
nuity equatica in valve area calculation, outflow tract 
cross-sectiona. area (CSA; vor) and the outflow tract 
velocity to axtic jet velocity ratio (Vivor/Vas) were 
compared w2 both Doppler and invasive valve areas. 
Not surprisiazly, outflow tract cross-sectional area is 
related to Darpler valve area (r = 0.51, Figure 5) but it 
is less closely related to invasive valve area (r = 0.19). 
However, the velocity ratio is related to both Doppler 
(r = 0.67, Fē&ures 6 and 7) and invasive valve areas 
(r = 0.40). 

The relat.on between Doppler and invasive valve 
areas and th= fractional shortening velocity ratio was 
less strong (r = 0.29 and 0.22). A fractional shortening 
velocity ratio <0.8 identified 239 of 307 patients with a 
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valve area <0.7 cm? (sensitivity = 78%) and a ratio 
20.8 identified 38 of the 75 patients with a valve area 
20.7 cm? (specificity = 51%). 

Influence of coexisting aortic regurgitation: The 
correlation between valve area and outflow tract to aor- 
tic jet velocity ratio was not significantly (p = 0.12) 
larger for 381 patients with no or mild aortic regurgita- 
tion (r = 0.56) compared with 98 patients with moder- 
ate to severe aortic regurgitation (r = 0.67). The corre- 
lation between maximal and mean pressure gradients 
was no different (p = 0.12) for 468 patients with no or 
mild regurgitation (r = 0.92) than for 108 patients with 
moderate to severe aortic regurgitation (r = 0.89). 


DISCUSSION 

This study demonstrates marked variability in the 
severity of outflow obstruction in symptomatic adults 
with valvular aortic stenosis referred for balloon valvu- 
loplasty. Because intervention typically is considered 
soon after the onset of symptoms, this suggests that 
symptom onset occurs with different degrees of stenosis 
severity in different individuals. This finding is in con- 
cordance with previous studies that have shown a 
marked overlap in measures of stenosis severity be- 
tween symptomatic and asymptomatic adults with val- 
vular aortic stenosis.!°-22 This variability is not ex- 
plained entirely by body size, because indexing valve 
area to body surface area only slightly narrows the 
scatter of the data. 

The correlation between Doppler maximal and 
mean transaortic pressure gradients, based on the simi- 
lar shape of the velocity time curve in adults with severe 
aortic stenosis, deserves emphasis. This relation cannot 


FIGURE 3. Reproducibility of left ventricu- 
Lar outflow tract (LVOT) diameter mea- 
surements comparing the pre- (x axis) and 
postvaivuloplasties {y axis) with 2-dimen- 
sional echocardiographic measurements, 
BY = balloon valvuloplasty. 
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FIGURE 4. Top, Doppler maximal instan- 
taneous gradient (x axis) versus Doppler 
mean transaortic pressure gradient (y 
axis). Bottom, aortic stenosis (AS) maxi- 
mal (max) jet velocity (x axis) versus 
Doppler mean transaortic pressure gradi- 
ent (y axis). 
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FIGURE 5. Aortic valve (AV) area (x axis) 
versus left ventricular outflow tract 
(LVOT) cross-sectional area (y axis). 
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necessarily te extended to other clinical settings in 
which the shape of the velocity curve may be different 
(e.g., normal or dysfunctional prosthetic valves). 

The impertance of considering transaortic volume 
flow rate in cescribing aortic stenosis severity is under- 
lined in this study. Fully 36% of these patients with 
severe symptomatic valvular obstruction had a mean 
transaortic pressure gradient <40 mm Hg and 36% 
had a maximal aortic jet velocity <4.0 m/s. Calcula- 
tion of valve areas with the continuity equation, which 
incorporates transaortic volume flow, shows that valve 
area is significantly decreased and that low pressure 
gradients (and velocities) are due to low transaortic vol- 
ume flow in this patient subgroup. 

Recording and measuring the data for calculating 
continuity equation valve areas can be time consuming 
and tedious, s> that simpler methods for accurately as- 


LVOT/Vmax velocity ratio 


sessing stenosis severity would be useful clinically. The 
outflow tract diameter is the most difficult variable to 
measure and shows the greatest intra- and interobserver 
measurement variability.?? Unfortunately, the current 
study demonstrates a poor correlation between body 
size and outflow tract diameter. Thus, accurate conti- 
nuity equation valve area calculations continue to re- 
quire an accurate measurement of outflow tract diame- 
ter in each patient. 

Whereas evaluation of simpler measures of stenosis 
severity is somewhat problematic given that all these 
patients had severe stenosis, some insights can be de- 
rived from these data. The relative increase in antero- 
grade velocity as blood is ejected from the outflow tract 
across the narrowed aortic valve (i.e., deleting outflow 
tract cross-sectional area from the continuity equation) 
is inversely correlated with valve area. This observation 


FIGURE 6. Aortic valve (AV) area (x axis) 
versus velocity ratio (y axis). LVOT = left 
ventricular outflow tract; Vmax = maximal 
velocity. 
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FIGURE 7. Bar graph of distribution of 
left ventricular outflow tract (LVOT)/aortic 
jet velocity ratio. 
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raises the possibility that, in effect, this velocity ratio 
already is “indexed” for body size, and is congruent 
with the suggestion that the subaortic diameter can be 
used to normalize left ventricular and left atrial dimen- 
sions. 

The variability in the degree of outflow obstruction 
observed in these symptomatic patients focuses atten- 
tion on the need to consider more than just valve gradi- 
ent or area in fully defining the effects of the stenosis 
on ventricular function and the patient’s symptomatic 
state. Left ventricular hypertrophy was absent, despite 
severe aortic stenosis, in 22% of our patients. The prev- 
alence of reduced systolic function was high, but may 
be related to patterns of referral for aortic valvuloplas- 
ty. It has been suggested that left ventricular diastolic 
function, which was not evaluated in this study, corre- 
lates more closely with symptoms than do measures of 
outflow obstruction.24 In this regard, then, there may 
be no advantage to a precise definition of valve area (by 
either invasive or noninvasive methods) compared with 
a simpler measure of the degree of outflow obstruction. 
Instead, evaluation of disease severity in an individual 
patient should include left ventricular systolic and dià- 
stolic function, and the severity of coexisting aortic and 
mitral regurgitation (which were prevalent in our popu- 
lation), as well as the degree of outflow obstruction. 


Acknowledgment: We would like to thank Sharon 
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REFERENCES 

1. Judge KW, Otto CM. Doppler echocardiographic evaluation of aortic stenosis. 
Cardiol Clin 1990;8:203-216. 

2. Rahimtoola SH. Perspective on valvular heart disease: an update. J Am Coll 
Cardiol 1989;14:1~23, 

3. Bansal RC, Shah PM. Usefulress of echo Doppler in management of patients 
with valvular heart disease. Curr Probl Cardiol 1989;)4:285-350. 

4. Smith MD, Dawson PL, Elion JL, Booth DC, Handshoe R, Kwan OL, Earle 
GF, DeMaria AN. Correlation of continuous wave Doppler velocities with cardiac 
catheterization gradients: an experimental model of aortic stenosis. J Am Coll 
Cardiol {985;6:1306-1314. 

5. Segal J, Lerner DJ, Miller DC, Mitchell RS, Alderman EA, Popp RL. When 
should Doppler-determined valve area be better than the Gorlin formula?: varia- 
tion in hydraulic constants in low flow states. J Am Coll Cardiol 19879: 
1294-1305. 

&. Hatle L, Angelsen BA, Tromsdal A. Non-invasive assessment of aortic stenosis 
by Doppler ultrasound. Br Heart J 1980;43:284-292. 

7. Currie PJ, Seward JB, Reeder GS, Vlietstra RE, Bresnahan DR, Bresnahan 
JF, Smith HC, Hagler DJ, Tajik AJ. Continuous-wave Doppler echocardiograph- 
ic assessment of severity of calcific aortic stenosis: a simultaneous Doppler-cathe- 
ter correlative study in 100 adult patients. Circulation 1985;71:1162-1169. 

8. Otto CM, Pearlman AS, Comzss KA, Reamer RP, Janko CL, Huntsman LL. 
Determination of the stenotic aor-ic valve area in adults using Doppler echocardi- 
ography. J Am Coll Cardiol 1936;7:509-517. 

9. Zoghbi WA, Farmer KL, Soto JG, Nelson JG, Quinones MA. Accurate 
noninvasive quantification of stenotic aortic valve area by Doppler echocardiogra- 
phy. Circulation 1986;73:452-459, 

10. Oh JK, Taliercio CP, Holmes Jr DR, Reeder GS, Bailey KR, Seward JB, 
Tajik AJ, Prediction of the severity of aortic stenosis by Doppler aortic valve area 
determination: prospective Doppler-catheterization correlation in 100 patients. J 
Am Coll Cardiol 1988;11:1227-1234. 

11. Teirstein P, Yeager M, Yock PG, Popp RL. Doppler echocardiographic 
measurement of aortic valve area in aortic stenosis: a noninvasive application of 


the Gorlin formula. J Am Coll Cardiol 1986;8:1059~-1065. 

12. Desnoyers MR, Isner JM, Pandian NG, Wang SS, Hougen T, Fields CD, 
Lucas AR, Salem DN. Clinical and noninvasive hemodynamic results after aortic 
balloon valvuloplasty for aortic stenosis. Am J Cardiol 1988;62:1078- 1084. 
13. Come PC, Riley MF, Safian RD, Ferguson JF, Diver DD, McKay RG. 
Usefulness of noninvasive assessment of aortic stenosis before and aftzr percutane- 
ous aortic valvuloplasty. Am J Cardiol 1988;61:1300- 1306. 

14. Otto CM, Pearlman AS. Doppler echocardiography in adults w:th symptom- 
atic aortic stenosis. Diagnostic utility and cost-effectiveness. Arch Intern Med 
1988;148:2553-2560. 

15. Otto CM, Pearlman AS, Gardner CL, Kraft CD, Fujioka MC. Simplification 
of the Doppler continuity equation for calculating stenotic aortic valve area. J Am 
Soc Echo 1988;1:155-157. 

16. Mann DL, Usher BW, Hammerman S, Bell A, Gillam LD. The fractional 
shortening-velocity ratio: validation of a new echocardiographic Doppler method 
for identifying patients with significant aortic stenosis. J Am Coll Cardiol 
1990;15:1578-1584. 

17. Pearlman AS. The use of Doppler in the evaluation of cardiac disorders and 
function. In: Hurst JW, ed. The Heart. 7th ed. New York: McGraw-Hill, 
1990:2039-2063. 

18. Snedecor GW, Cochran WG. Statistical Methods. 6th ed. Ames, JA: Iowa 
State University, 1967. 

19. Otto CM, Pearlman AS, Gardner CL. Hemodynamic progression of aortic 
stenosis in adults assessed by Doppler echocardiography. J Am Coll Cardiol 
1989;13:545-550. 

20. Turina J, Hess O, Sepulcri F, Krayenbueh]l HP. Spontaneous course of aortic 
valve disease. Eur Heart J 1987;8:471-483. 

21. Kelly TA, Rothbart RM, Cooper CM, Kaiser DL, Smucker ML, Gibson RS. 
Comparison of outcome of asymptomatic to symptomatic patients older than 20 
years of age with valvular aortic stenosis. Am J Cardiol 1988;61:123-130. 
22. Kennedy KD, Nishimura RA, Holmes DR Jr, Bailey KR. Natural history of 
moderate aortic stenosis. J Am Coll Cardiol 1991:17:313~319. 

23. Domanski MJ, Cunnion RE, Roberts WC. Usefulness of the subaortic diame- 
ter for normalizing left ventricular and left atrial dimensions. Am J Cardiol 
1991;67:785~786. 

24. Sheikh KH, Davidson CJ, Honan MB, Skelton TN, Kisslo KB, Bashore TM. 
Changes in left ventricular diastolic performance after aortic balloan valvuloplas- 
ty: acute and late effects. J Am Coll Cardiol 1990;16:795~803. 


APPENDIX 

Clinical Sites: Beth Israel Hospital, Boston, MA: 
Aaron Berman, MD,* Daniel J. Diver, MD, Robert D. 
Safian, MD, William Grossman, MD, Carol Waks- 
monski, MD, Raymond G. McKay, MD, Ann Slater, 
RN; Brown University, Providence, RI: David O. Wil- 
liams, MD,* Thomas M. Drew, Robert Carnevale, MD, 
Donna Cimini, RN, Diane Hardink, RN; Columbia 
University, New York, NY: Paul Cannon, MD,* Shuni- 
chi Homma, MD, Mary Tresgallo, RN; Duke Universi- 
ty Medical Center, Durham, NC: Thomas M. Bashore, 
MD,* Charles J. Davidson, MD, Joseph Kisslo, MD, 
Kitty Kisslo, RDMS; Johns Hopkins University, Balti- 
more, MD; Jeffrey A. Brinker, MD,* James L. Weiss, 
MD, Barbara Dowger, RN; Maine Medical Center, 
Portland, ME: Costas T. Lambrew, MD,* D. Joshua 
Cutler, MD,* Karl Sze, MD, Nancy Tocker, RN; 
Mayo Clinic, Rochester, MN: David R. Holmes, Jr. 
MD,* Richard Nishimura, MD, Guy Reeder, MD, 
Sherri Schreifels, RN, Lee Meyer, RN; Massachusetts 
General Hospital, Boston, MA: Peter C. Bleck, MD,* 
Igor F. Palacios, MD, Arthur Weyman, MD, Elizabeth 
H. Block, RN; Montreal Heart Institute, Montreal, 
Que: Raoul Bonan, MD,* Robert Petitclerc, MD, Mon- 
ique Brouillete, RN; New York University, New York, 
NY: James N. Slater, MD,* Frederick Feit, MD, Itzak 


ECHO FINDINGS IN AORTIC STENOSIS 1483 





Kronzon, MD, Fred Bilyk, RN; St. Louis University, 
St. Louis, MO: Ubeydullah Deligonul, MD,* Michel 
Vandormael, MD, Morton Kern, MD, Arthur Labovitz, 
MD, Sue Taussig, RN; Stanford University, Stanford, 
CA: Edwin L. Alderman, MD,* Ingela Schnittger, MD, 
Anne Schwarzkopf; Santa Clara Valley Medical Cen- 
ter, San Jose, CA: Joseph L. Rod, MD, Keith Comess, 
MD; Texas cleart Institute, Houston, TX: James Fer- 
guson, MD,* Ali Massumi, MD, Bernardo Treistman, 
MD, Guillermo Hernandez, MD, Mary Harlan, RN; 
University o" Alabama, Birmingham, AL: Larry S. 
Dean, MD,* William Baxley, MD, Thomas Bulle, MD, 
Navin Nandez, MD, John W. Kirklin, MD, Paul J. Gar- 
rahy, MBBS, Carlos Saenz, MD, Fredrich R. Helmcke, 
MD, Carolyr Thomas, RN; University of California 
San Diego, San Diego, CA: Maurice Buchbinder, 
MD,* Kirk Peterson, MD, Howard Dittrich, MD, 
Elaine Daily, RN; University of Florida, Gainesville, 
FL: James HEIL, MD,* Ariel Miranda, MD, Carl Pepine, 
MD, Edward Geiser, MD, Elizabeth Scott-Franco, RN; 
University of Kentucky, Lexington, KY: Anthony N. 
DeMaria, MD,* Thomas Wisenbaugh, MD, Martin 
Berk, MD, Mary O’Brien, RN; University of Massa- 
chusetts, Wercester, MA: Bonnie H. Weiner, MD,* 
John M. J. Gaca, MD, Joseph R. Benotti, MD, Linda 


Pape, MD, Marie L. Borbone, RN; University of Mich- 
igan, Ann Arbor, MI: Elizabeth Nabel, MD,* William 
Armstrong, MD, Anita Galeana, RN, BSN; University 
of Southern California, Los Angeles, CA: Shahbudin 
H. Rahimtoola, MD,* Cheryl Reid, MD, David T. 
Kawanishi, MD, Daniel L. Kulick, MD, Carol Falacara, 
RN; University of Virginia, Charlottesville, VA: Eric 
R. Powers, MD,* Mark Smucker, MD, Robert Gibson, 
MD, Christine Tedesco, RN; University of Washing- 
ton, Seattle, WA: Catherine Otto, MD,* Douglas K. 
Stewart, MD, Michele Olsufka, RN; William Beau- 
mont Hospital, Royal Oak, MI: William O’Neill, 
MD,* Andrew Hauser, MD, Beverly Harrelson, RN; 
University of Iowa, Iowa City, IA: Charles McKay, 
MD,* Byron Venderberg, MD, Marita Titler, RN. 

CORE PATHOLOGY LABORATORY: St. Vincerit Profes- 
sional Bldg., Indianapolis, IN, Bruce F. Waller, MD. 

COORDINATING CENTERS: University of Washington, 
Seattle, WA: Kathryn B. Davis, PhD,* J. Ward Kenne- 
dy, MD,* Mary Jo Gillespie, MS, Mary Mickel, MS; 
National Heart, Lung and Blood Institute; National 
Institutes of Health, Bethesda, MD: Rachel E. Solo- 
mon, MHS, Joel Verter, PhD. 


*Principal Investigator. 


1484 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER I, 1991 


ee TTT 


Doppler Echocardiographic Estimation of 
Mitral Valve Area During Changing 
Hemodynamic Conditions 


Alan C. Braverman, MD, James D. Thomas, MD, and Richard T. Lee, MD 


Patients with mitral stenosis often present dur- 
ing periods of hemodynamic stress such as preg- 
nancy or infections. The Doppler pressure half- 
time method of mitral valve area (MVA) determi- 
nation is dependent on the net atrioventricular 
compliance as well as the peak transmitral gradi- 
~ ent. The continuity equation method of MVA de- 
termination is based on conservation of mass 
and may he less sensitive to changes in the he- 
modynamic state. To test this hypothesis, 17 pa- 
tients admitted for catheterization with symp- 
tomatic mitral stenosis and no more than mild 
regurgitation underwent Doppler echocardiogra- 
phy at rest and during supine bicycle exercise 
targeted to an increase in heart rate by 20 to 30 
beats/minute. Net atrioventricular compliance 
was also estimated noninvasively. Cardiac output 
and transmitral gradient increased significantly 
during exercise (p <0.001), while net atrioven- 
tricular compliance decreased (p <0.001). MVA 
by the pressure half-time method increased sig- 
nificantly during exercise from 1.0 + 0.2 to 1.4 
+ 0.4 cm? (p <0.001). There was no significant 
difference in MVA estimation using the continui- 
ty equation comparing rest to exercise, with the 
mean area remaining constant at 0.8 + 0.3 cm? 
(p = 0.83), Thus, during conditions of changing 
hemodynamics, the continuity equation method 
for estimating MVA may be preferable to the 
pressure half-time method. 

(Am J Cardiol 1991;68:1485-1490) 
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time method of mitral valve area (MVA) deter- 

mination has gained widespread acceptence and 
is based on a relation first described by Libanoff and 
Rodbard! and further developed by Hatle et al. Al- 
though this method has proved to be useful in estimat- 
ing MVA in native* and prosthetic valves’ the pressure 
half-time method may be inaccurate in certain clinical 
settings such as with exercise,'3 pregnancy,® aortic 
insufficiency,” poor left ventricular compliance,’ or 
acutely after mitral valvuloplasty.!°!! Flachskampf et 
al® and Thomas et al!®!2 found the pressure half-time 
to be dependent not only on MVA, but also on the net 
atrioventricular compliance as well as the peak transmi- 
tral gradient. 

The continuity equation method has been demon- 
strated to be a reliable and accurate method of calcu- 
lating MVA.!3:!4 The continuity equation is based on 
conservation of mass’ and is theoretically independent 
of transvalvar gradient and atrioventricular compli- 
ance.!> Many patients with mitral stenosis first present 
clinically during periods of hemodynamic stress such as 
with infections, pregnancy or tachycardia; noninvasive 
determination of MVA using the continuity equation 
method may be more reliable than the pressure half- 
time method during changing hemodynamic states. To 
test this hypothesis, a minor exercise protocol was used 
as a model of changing hemodynamics to compare the 
pressure half-time and continuity equation methods in 
patients with symptomatic mitral stenosis and no more 
than mild mitral regurgitation. 


T he Doppler echocardiographic pressure half- 


METHODS 

Study patients: From November 1989 to February 
1991, 40 patients with symptomatic native mitral valve 
stenosis underwent diagnostic cardiac catheterization at 
Brigham and Women’s Hospital. This study was per- 
formed in a subset of 17 patients with mitral stenosis as 
the predominant lesion. The 23 patients who did not 
participate in the study were excluded for the following 
reasons: (1) severe aortic stenosis (n = 8, mean area 0.6 
cm); (2) >2+ mitral regurgitation by Doppler echo- 
cardiogram'®!? or left ventriculogram!® on a 0 to 4+ 
scale (n = 3); (3) poor quality echocardiographic im- 
ages (n = 2); (4) inability to exercise (n = 4); and (5) 
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logistic reasons/declined participation (n = 6). The 17 
study patieats ranged in age from 30 to 83 years old 
(mean 59 + 14). Ten patients had sinus rhythm and 7 
had atrial fabrillation. One patient had undergone prior 
surgical cormmissurotomy 7 years earlier, and no pa- 
tient had por balloon valvuloplasty. All patients un- 
derwent diagnostic cardiac catheterization with coro- 
nary angiog-aphy within 24 hours of echocardiography. 
No patient had >2+ aortic insufficiency by Doppler 
echocardiogram on a 0 to 4+ scale.!%:2° All patients in 
this study had normal left ventricular function and no 
patient had symptomatic ischemic heart disease. The 
study was approved by the Brigham and Women’s 
Hospital Committee for the Protection of Human Sub- 
jects from Eesearch Risks, and written informed con- 
sent was ob-ained from each patient. 

Echocardiographic examination: Two-dimensional 
echocardiog-ams at rest were recorded using a Hewlett 
Packard 77020 AC/AR phased-array ultrasonoscope 
device with a 2.5 MHz transducer. Standard paraster- 
nal short- aad long-axis and apical 4- and 5-chamber 
views were recorded. The presence of aortic insuffi- 
ciency and mitral regurgitation was carefully sought 
and semiquentitated by pulsed-wave and color Doppler 
mapping as previously described.!?2° Left ventricular 
outflow velozity was recorded using pulsed-wave Dopp- 
ler from the apical view. In the 2 patients with >1+ 
aortic insufficiency, pulmonary artery flow was record- 
ed at the level of the anulus. Diastolic flow velocity 
across the stenotic mitral valve was recorded using im- 
aging continious-wave Doppler and color Doppler flow 
mapping to align the continuous wave beam with the 
mitral stenosis jet. No angle correction was attempted 
for the plane orthogonal to the 2-dimensional imaging 
plane. 

Using a Cardiology Workstation (GTI Freeland 
Medical Division, Indianapolis, Indiana), 5 to 10 high- 
quality cardiac cycles were digitized and averaged. All 
Doppler pro.iles were digitized by a single investigator 
unaware of the catheterization results. The peak and 
mean transmitral gradients were calculated using the 
modified Be-noulli equation.? Diameter of the left ven- 
tricular outflow tract was measured from the paraster- 
nal long-axis view in systole, from trailing edge to lead- 
ing edge.’ In the 2 patients with >1+ aortic insuffi- 
ciency, pulmonary artery diameter was measured as 
previously described.*! The cross-sectional area of the 
aortic or pulmonic anulus was calculated as: area = (r) 
(diameter /2 +. 

Stroke vdume was calculated as the product of the 
cross-sectional area of the left ventricular or pulmonary 
outflow tract and the velocity time integral of that out- 
flow tract.2? Cardiac output was calculated as the prod- 
uct of the stroke volume and heart rate. Using the con- 
tinuity equation method, the MVA was calculated by 


dividing the stroke volume through the left ventricular 
or pulmonary cutflow tract by the velocity time integral 
of the diastolic flow through the mitral valve, as previ- 
ously described.”!3 MVA was also determined by the 
pressure half-time method of Hatle et al 23 The mitral 
pressure half-time was obtained by calculating the time 
required for the peak transmitral velocity to decrease to 
a value equal to the square root of one-half of the peak 
value. MVA was calculated using the formula: MVA 
= 220/pressure half-time (in milliseconds), where 220 
is an empiric constant.? 

The net atrioventricular compliance was determined 
noninvasively for each patient at rest and during exer- 
cise by applying a formula derived by Thomas et al.!° 
Using 2-dimensional and Doppler echocardiographic 
measurements, the net atrioventricular compliance can 
be estimated as follows: 


(pressure half-time)(effective MVA) 


Net li = 
a aa (11.6)(peak transmitral gradient)!” 


where the pressure half-time is expressed in millisec- 
onds, the peak transmitral gradient in mm Hg, the ef- 
fective MVA (in cm”) is calculated using the continuity 
equation, and the net atrioventricular compliance is ex- 
pressed in ml/mm Hg. 

Exercise protocol: Immediately after the echocar- 
diogram at rest, an exercise echocardiographic protocol 
was performed. Each patient performed supine bicycle 
exercise at a constant work load for a time period <5 
minutes, targeted to a peak heart rate of 20 to 30 
beats/min above the baseline heart rate. The resistance 
on the bicycle was negligible, and no patient achieved a 
work load of 25 W, the lowest reading on the bicycle. 
When the target heart rate was achieved, the Doppler 
echocardiographic measurements (left ventricular or 
pulmonary outflow tract velocity by pulsed-wave Dopp- 
ler and transmitral flow velocity by imaging continu- 
ous-wave Doppler) were again recorded. All exercise 
Doppler data were recorded on %-inch videotape in a 
time period <1 minute. Five to 10 high-quality cycles 
were digitized and averaged to calculate peak and 
mean transmitral gradient, cardiac output and MVA 
using the continuity equation and pressure half-time 
methods. In addition, the net atrioventricular compli- 
ance during exercise was calculated. The outflow tract 
diameters were not remeasured during exercise, but 
were assumed to remain constant during this minor ex- 
ercise. To complete all measurements within 1 minute, 
planimetry of the mitral valve was not included in the 
protocol. 

Cardiac catheterization: All patients underwent 
right- and left-sided cardiac catheterization to deter- 
mine MVA at rest using the modified Gorlin formu- 
la*3; no exercise was performed in the catheterization 


1486 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 1, 1991 





TABLE 1 Doppler Parameters 


*p <0.001 versus rest. 


Exercise 


Peak 


CE MVA = continuity equation mitral valve area in cm?; Net Comp. = net atrioventricular compliance in ml/mm Hg; Peak Grad. = peak transmitral gradient; PHT MVA = pressure 


half-time mitral valve area in cem. 


laboratory. Cardiac output was determined with the 
Fick method using measured oxygen consumption.”4 
The transmitral pressure gradient was calculated by 
planimetric determination of left ventricular and pul- 
monary artery wedge pressures, simultaneously record- 
ed at a paper speed of 100 mm/s using a standard 
fluid-filled manometer system. Five cycles were aver- 
aged in patients with sinus rhythm and 10 cycles were 
averaged in patients with atrial fibrillation. Left ventric- 
ulography was performed in 14 of the 17 patients. The 
severity of mitral regurgitation was graded on a 0 to 
4+ scale, as previously described. 18 

Statistics: Values are expressed as mean + 1 stan- 
dard deviation. The significance of differences between 
paired measurements was assessed with paired Stu- 
dent’s ¢ tests. Linear regression analysis was used for 
comparisons of catheterization and echocardiographic 
methods. Because linear regression can be misleading 
when comparing 2 methods of clinical measurement, 
the method of Bland and Altman?* was also used to 
compare estimates of MVA. A p value <0.05 was con- 
sidered statistically significant. 


RESULTS 

Baseline characteristics: Mean MVA was 0.9 + 
0.4 cm? (range 0.2 to 2.0) using the Gorlin formula at 
catheterization. Mean echocardiographic MVA at rest 
was 1.0 + 0.2 cm? (range 0.8 to 1.4) using the pressure 
half-time method, and 0.8 + 0.3 cm? (range 0.4 to 1.5) 
using the continuity equation method. By Doppler 
echocardiography, 10 patients had no mitral regurgita- 
tion, 5 patients had 1+ mitral regurgitation, and 2 pa- 








tients had 2+ mitral regurgitation. By Doppler echo- 
cardiography, 10 patients had no aortic insufficiency, 5 
patients had 1+ aortic insufficiency, and 2 patients had 
2+ aortic insufficiency. Mild aortic stenosis was present 
in 2 patients with peak instantaneous Doppler echocar- 
diographic gradients of 25 mm Hg. Left ventriculog- 
raphy was performed in 14 patients: 9 had no mitral 
regurgitation, 3 had 1+ mitral regurgitation, and 2 pa- 
tients had 2+ mitral regurgitation. 

Exercise echocardiography: Doppler echocardiogra- 
phy demonstrated significant changes in hemodynamic 
conditions during exercise. Heart rate increased from 
70 + 14 at rest to 96 + 18 beats/min during exercise 
(p <0.001). Cardiac output increased from 4.3 + 1.4 
liters/min at rest to 5.1 + 1.7 liters/min during exer- 
cise (p <0.001). Mean transmitral gradient increased 
from 9 + 4 mm Hg at rest to 14 + 5 mm Hg during 
exercise (p <0.001). MVA using the pressure half-time 
method increased from 1.0 + 0.2 to 1.4 + 0.3 cm? 
(Table I). MVA estimation by the pressure half-time 
method increased significantly during exercise, with a 
mean increase of 0.4 + 0.5 cm? (p <0.001) (Figure 1). 
The amount of increase in MVA ranged from a mini- 
mum of no change in 1 patient to a maximum of 1.6 
cm? in another. There was no significant difference in 
MVA estimation using the continuity equation when 
comparing rest with exercise (p = 0.83), with the mean 
valve area remaining constant at 0.8 + 0.3 cm? (Figure 
2). In 16 of the 17 patients, MVA calculation by the 
continuity equation during exercise was within 0.1 cm? 
of the MVA at rest. Net atrioventricular compliance 
was estimated noninvasively in each patient at rest and 
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during exercise and decreased significantly from 4.1 + 
2.1 to 2.8 + 1.4 ml/mm Hg when comparing rest with 
exercise (p <0,001) (Figure 3). 

Noninvacive versus Gorlin-derived mitral valve 
area: For all 17 patients, there was a moderate correla- 
tion betweer the Gorlin-derived MVA and the resting 
Doppler pressure half-time area (r = 0.58, y = 0,.25x + 
0.78); the mean difference between the 2 methods 
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FIGURE 1. Mitral valve area (MIVA) determinations (in cm?) 
using the DoppEr pressure half-time method at rest and dur- 
ing exercise foreach of the 17 patients in this study. 


Continuity Equation MVA 


EXERCISE 





FIGURE 2. Mitral valve area (MIVA) determinations (in cm?) 
using the continuity equation method at rest and during exer- 
cise for each of fhe 17 patients in this study. 





(half-time area minus Gorlin area) was 0.1 + 0.3 cm”. 
The correlation between the Gorlin-derived area and 
the resting continuity equation area was better (r = 
0.73, mean difference —0.1 + 0.3 cm?). During exer- 
cise, the pressure half-time MVA overestimated the 
resting Gorlin-derived MVA. Furthermore, the correla- 
tion between the pressure half-time MVA during exer- 
cise and the resting Gorlin-derived valve area was poor 
(r = 0.12, mean difference 0.4 + 0.5 cm?). However, 
the continuity equation MVA during exercise contin- 
ued to correlate with the resting Gorlin-derived area 
despite the changes in hemodynamic state (r = 0.70, 
mean difference —0.1 + 0.3 cm?). 


DISCUSSION 

This study compared 2 Doppler echocardiographic 
methods for determining MVA in patients with mitral 
stenosis at rest and during exercise and demonstrated 
that the continuity equation method, unlike the pres- 
sure half-time method, was not changed by exercise. 
Exercise-induced decreases in transmitral pressure half- 
times have been noted in earlier studies.!? These data 
are also consistent with previous reports demonstrating 
the dependence of the pressure half-time on hemody- 
namic variables, such as transmitral gradient and atrio- 
ventricular compliance.’-!2 

In patients with severe rheumatic mitral stenosis, 
the mitral valve leaflets are thickened and stiff: our cur- 
rent understanding of mitral stenosis suggests that 
MVA is relatively fixed in an individual patient. Be- 
cause the Doppler pressure half-time decreases and the 
peak transmitral gradient increases during exercise, 
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FIGURE 3. Net atricventricular compliance at rest and during 
exercise for each of the patients in this study. 
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it follows that the net atrioventricular compliance 
decreases during exercise. The net atrioventricular 
compliance decreased significantly during exercise (p 
<0.001) and offset the increase in peak transmitral 
gradient, resulting in a decrease in the measured Dopp- 
ler pressure half-time. Although this study did not mea- 
sure the atrial or ventricular compliance directly at rest 
or during exercise, it is likely that a marked decrease in 
left atrial compliance was responsible for the fall in net 
atrioventricular compliance during exercise. Chamber 
compliance in the heart is determined by the level of 
operating pressure and the curvilinear pressure-volume 
relation. 28 As the initial pressure increases, the slope of 
the tangent (operative chamber stiffness) increases.° In 
the patient with mitral stenosis, exercise leads to an in- 
crease in the initial transmitral pressure gradient, re- 
sulting in a shift to a steeper portion of the pressure- 
volume curve and diminished atrial operative compli- 
ance. 

Study limitations: One reason that the pressure half- 
time method remains a useful tool for semiquantitating 
MVA noninvasively is that the continuity equation 
method is more difficult to perform. Potential errors in 
measuring outflow tract diameters or velocities may 
lead to errors in valve area determination. Because we 
considered it unlikely that minor exercise results in sig- 
nificant changes in outflow tract diameters, these mea- 
surements were assumed to remain constant. In addi- 
tion, as defined by the conservation of mass, accurate 
MVA determination by 2-dimensional and Doppler 
echocardiography using the continuity equation re- 
quires that the flow volume across the stenotic valve 
and another valve (the valve used to calculate the 
stroke volume) be equal.”!3 In patients with more than 
mild coexisting mitral regurgitation, the stroke volume 
measurement will be inaccurate, leading to an underes- 
timation of MVA by the continuity equation method. 17 
Because mild mitral regurgitation does not appear to 
have a significant effect on MVA using the continuity 
equation,’ this should not have affected the results in 
our study. Coexisting aortic insufficiency results in an 
increase in stroke volume through the left ventricular 
outflow tract leading to an overestimation of the true 
MVA.!3 In the presence of moderate aortic insufficien- 
cy, the pulmonary outflow tract velocity should be used 
for stroke volume calculation.’ 

The correlations between noninvasive Doppler valve 
areas and Gorlin-derived catheterization MVA were 
only moderately good. Doppler echocardiograms were 
performed within 24 hours of the catheterizations; al- 
though the nonsimultaneous measurements may have 
partially explained the differences, potential errors in 
the invasive MVA calculations cannot be excluded. Er- 
rors of up to 20 to 40% may be obtained using the 


Gorlin formula for MVA determination.? In addition, 
valve areas of this relatively homogenous group of pa- 
tients with moderate to severe mitral stenosis may have 
biased the analysis toward low correlation even when 
the measurements themselves were in good agreement. 
Finally, a minor degree of mitral regurgitation or aortic 
regurgitation present at rest could have potentially 
changed during exercise, resulting in a decrease in the 
Doppler pressure half-time. However, it is unlikely that 
these regurgitant lesions changed significantly, since the 
continuity equation method is also sensitive to mitral 
and aortic regurgitation and showed no significant 
changes during exercise. 
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CONGENITAL HEART DISEASE 


Late Results (30 to 35 Years) After Operative 
Closure of Isolated Ventricular Septal 
Defect from 1954 to 1960 


James H. Moller, MD, Ceeya Patton, RN, Richard L. Varco, MD, PhD, 
and C. Walton Lillehei, MD, PhD 


This study was designed to determine the clinical 
status, cause of death, and effects of pulmonary 
vascular disease and conduction abnormalities 
30 to 35 years after surgery in 296 consecutive 
surviving patients of closure of ventricular septal 
defect. Of the 296 patients, current status was 
determined by contact with patient and physician 
in 290 cases, with 6 (2%) lost to follow-up 
(7,912 patient years are included). Cardiac cath- 
eterization after surgery in 168 patients showed 
complete closure of the defect in 80%. Death oc- 
curred in 59 patients (20%), with higher mortali- 
ty rates in those operated on after the age of 5 
years, those with pulmonary vascular resistance 
>7 units (519%), and those with complete heart 
block (78%). Of 37 patients with transient heart 
block after surgery, 8 (22%) have died (3 pulmo- 
nary vascular disease, 2 sudden death, 2 un- 
known causes and 1 complete heart block). 
Twenty other patients had a dysrrhythmia after 
surgery, and none of these died. Nine episodes of 
endocarditis occurred (11.4/10,000 patient 
years). Nine of 296 (3%) offspring had cardiac 
malformation. Most patients are in New York 
Heart Association class l, 57% attended college 
and 15% received an advanced degree. 

The data show good results for this group of 
patients operated on during an early era (1954 
to 1960) of open cardiac surgery. They support 
the current trend toward operation in patients 
with ventricular septal defects at an early age 
and with low pulmonary vascular resistance. 

(Am J Cardiol 1991:68:1491-—1497) 
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septal defect (VSD) was performed by a group of 

surgeons at the University of Minnesota.! During 
the next 6 years, 341 patients underwent closure of 
VSD at our institution. Many of these patients survived 
the operation and are alive 30 to 35 years later. Groups 
of these patients have been the subject of previous re- 
ports,?~’ but this study represents an attempt to deter- 
mine the status of each of the surviving patients oper- 
ated on during the period from 1954 to 1960. Whereas 
there have been a number of reports on patients after 
repair of VSD, often concerned with specific postopera- 
tive aspects such as pulmonary vascular resistance’~!6 
and conduction disturbances,!?-23 none of these studies 
has extended for 30 to 35 years or has covered as large 
a sample of patients from this early era of cardiac 


surgery. 


i n 1954, the first successful closure of a ventricular 


METHODS 

Hospital records of 341 patients who underwent re- 
pair of VSD during the years 1954 through 1960 were 
reviewed and tabulated. Clinical status of patients after 
hospital discharge was determined through individual 
patient evaluation, or correspondence with the patient’s 
relatives, personal physicians or other hospitals. Cardiac 
catheterization was recommended for each patient after 
surgery. Current information was sought from all pa- 
tients during the period from 1986 to 1989. If a patient 
had died, information was obtained from the family 
and personal physician regarding the circumstances of 
death, health status prior to death, and details of the 
postmortem examination, if performed. 

The data were used to determine factors affecting 
survival and to calculate survival curves. Six of the 296 
patients who were lost to follow-up were not included in 
the survival analysis. Survival curves were calculated by 
the Kaplen-Meier method, and groups were compared 
by means of the Breslow and Mantel tests. The first is 
more sensitive to early differences among the groups, 
and the second to later differences. Calculations of 
the expected number of deaths were based on tables 
from Health United States 1989, U.S. Department of 
Health and Human Services. The increase in survival 
rates over the years was taken into account. Because 
most of the patients were white, average rates for white 
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TABLE I Ve tricular Septal Defect After Surgery; Proportion of 
Long-Term Surviving Patients According to Age at Operation 


No. of 
Patients 


Age at 
Operation (rs) 


No. of Long-Term 
Surviving Patients 


23 (88%) 

76 (81%) 

84 (76%) 

48 (81%) 
231 


males and “zmales were chosen. A Biomedical-De- 
signed Progr=m and the Statistical Package for the So- 
cial Sciences were used for analysis. 

Cox regression allows for adjustment for covariants. 
Candidates for predictor variables were: age at opera- 
tion, pulmorery vascular resistance before surgery, and 
conduction csturbances after surgery. All 3 variables 
were statisticelly significant in a univariant as well as a 
multivariant model. Age was grouped into 5 categories 
(<2, 2 to 4,4 to 6, 6 to 10, and >10 years) and then 
was treated <: a continuous variable. Pulmonary vascu- 
lar resistance was partitioned into groups <3, 3 to 5, 5 
to 7, and >7 mm Hg/liter/min/m?, with group scores 
of 0, 1, 2 and 4. Categories of conduction disturbances 
were descrited by contrasts that were assigned the 
following sco7zs: normal = 0; right bundle branch block 
= |; and rensaining categories = 2. 


RESULTS 

Between March 26, 1954, and December 31, 1960, 
341 patients sith VSD underwent repair at the Univer- 
sity of Minresota Hospital. Of the 341 patients, 45 
(13%) died after surgery, and the remaining 296 were 
discharged from the hospital. The current status of 290 
of the 296 pze-ients is known, with only 6 being lost to 
follow-up. In all, 7,912 postoperative years of follow-up 
are reported. 
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FIGURE 1. Vent-icular septal defect after surgery. Life table 
analysis of 290 survivors. 








TABLE UH Ventricular Septal Defect After Surgery; Cause and 
Decade of Death in 59 Patients 


Interval from Operation (yrs) 


0--9 10-19 20-29 30 Total 


Heart block 
Reoperation 
PVOD 
Accident 
Infection 
Cardiac failure 
Sudden 
Unknown 


PVOD = pulmonary vascular obstructive disease. 
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Mortality: Of the 296 surviving patients, 59 (20%) 
died from 1 month to 33 years after the operation. The 
59 deaths at an average of 26.8 years of follow-up are 
higher than the 8.64 expected deaths. The standardized 
mortality ratio and 95% confidence interval are 6.8 (5.1 
to 8.7). Thirty-one deaths occurred in the first decade 
after surgery, 13 in the second, 14 in the third and 1 in 
the fourth (Figure 1). This equates to 11 deaths/1,000 
patient years during the first decade, and 5 deaths/ 
1,000 patient years during the second and third decades 
after surgery. The year when surgery was performed 
did not make a difference (p = 0.3) on survival. Table I 
lists the ages at operation for these patients, and the 
number in each cf these age groups who are still living. 
Age did not seem to be a good predictor, either as a 
continuous or categorical variable. The age categories 
<5 and 25 vears provided the best split, with younger 
children having a better survival early (p = 0.05). 

Late deaths occurred from a variety of causes (Ta- 
ble II). In 10 patients, death was presumably caused by 
heart block (7 complete and 3 transient heart blocks 
after surgery). Only 1 of the latter 3 patients had histo- 
ry of syncope. Eight patients did not receive a cardiac 
pacemaker, because they were treated in an era before 
pacemakers were developed. The other 2 patients re- 
ceived a pacemaker, and death occurred presumably 
from pacemaker failure. Nine other patients died dur- 
ing an operation for a residual cardiac abnormality. 
They were among 19 patients in whom a cardiac re- 
operation was performed. In 8 of the 9 patients, death 
occurred 6 months to 9 years after the initial operation. 
The ninth patient died 21 years after closure of VSD, 
after aortic and mitral valve replacements for valvar 
disease associated with coexistent Marfan syndrome. 

Another 16 patients, each with a pre- or postopera- 
tive pulmonary resistance >7 mm Hg/liter/min/m?, 
died from 2 to 24 years after surgery. Eight of these 
patients had a major increase in pulmonary vascular 
resistance after surgery (Figure 2). 
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FIGURE 2. Ventricular septal defect after 
surgery. Pulmonary vascular resistance in 
16 patients who died. Pre- and postopera- 
tive values connected in 13 patients. 
*QOnly preoperative values available in 2 
patients; + = only postoperative values 
available in 1 patient. 
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Six of the 59 patients died accidentally (2 each from 
drowning and automobiles, 1 from boating and 1 from 
a cervical cord injury in a trampoline accident). None 
of these 6 patients had transient heart block after sur- 
gery, and only 1 had en increased pulmonary vascular 
resistance. 

Four patients died of complications of infections. 
Three were related to complications of infective endo- 
carditis (2 from rupture of an intracranial mycotic an- 
eurysm and | from aortic insufficiency). The fourth pa- 
tient, a 5-year-old, died 3 months after surgery from 
staphylococcal sepsis. One patient with a residual VSD 
and a perforation in the septal leaflet of the tricuspid 
valve died from congestive cardiac failure 3 months af- 
ter surgery. 


TABLE Ill Ventricular Septal Defect After Surgery: Sudden and 
Unexpected Deaths (details in 5 patients) 


Postoperative 
Durat on 


Age at 
Death 
(yrs) 


Postoperative 
Electro- 


Patient cardiogram 


QRS = 0.18 sec 

CRBBB 

CRBBB 

Normal Transient 
LAD -+ CRBBB 0 


CRBBB = complete right bundle branch block; LAD = left-axis deviation; 0 = 
absent. 


TABLE IV Ventricular Septal Defect After Surgery; Relation 
Between Pulmonary Vascular Resistance Before Surgery and 
Late Deaths 


Pulmonary 
Vascular Resistance 
(mm Hg/L/min/m2) 


No. of 
Patients 


No. of 
Late Deaths 


2 (5%) 

5 (11%) 
8 (17%) 
9 (44%) 
8 (42%) 








Age (years) 


Five patients died suddenly and unexpectedly with 
no cardiac symptoms (Table III); 1 died after exercise 
(patient 1) and another in the postpartum period (pa- 
tient 2). 

Eight other patients, each with a closed defect, died 
from unknown causes, or the circumstances regarding 
their deaths could not be fully ascertained. Only 1 
of these patients had transient heart block after sur- 
gery. The pulmonary vascular resistance was 6 mm 
Hg/liter/min/m? in 1 patient, and normal in the re- 
mainder. 

In 168 patients, cardiac catheterization data before 
surgery allowed calculation of the pulmonary vascular 
resistance (Table IV). Among the 135 patients with 
pulmonary vascular resistance >7 mm Hg/liter/min/ 
m? there were 15 (11%) deaths, whereas in the 33 
with pulmonary vascular resistance exceeding this val- 
ue there were 17 (51%) deaths from all causes, not on- 
ly from pulmonary vascular disease. In 134 patients 
(80%), no residual shunt was found during cardiac 
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FIGURE 3. Ventricular septal defect after surgery. Life table 
analysis of 168 patients divided into categories according to 
level of pulmonary vascular resistance before surgery. 
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TABLE V Ventricular Septal Defect After Surgery: Type of 
Conduction D=sturbance in 258 Patients 


Status 
Type of Concuction 


Disturbance Alive Dead Total 


None 

Right bundle branch block 

Right bundlebranch block 
+ left-axissdeviation 

Transient he: rt block 

Complete heart block 

Total 


catheterization. Pulmonary vascular resistance before 
surgery (Figure 3) was a significant variable in univari- 
ant and mult-variant analyses (p <0.001). 

Electrocardiographic abnormalities and conduction 
disturbances Electrocardiographic recordings after 
surgery, and descriptions of intra- and postoperative 
events concerning arrhythmias were available for re- 
view in 258 petients (Table V}. Conduction disturbance 
was found to be a significant risk factor by univariant 
and multivarmnt analyses (p <0.001), with normal 
conduction be:ng the best situation, complete right bun- 
dle branch and transient heart blocks occupying an in- 
termediate pcsition, and the combination of left-axis 
deviation with complete right bundle branch and com- 
plete heart blccks having the highest risk (Figure 4). In 
35 patients (13.5%) electrocardiography after surgery 
was normal, end there were no episodes of postopera- 
tive block. Ony 1 of these patients died, and that death 
occurred in an automobile accident. In another 177 pa- 
tients (68.6%). a pattern of right bundle branch block 
was present. In 9 of these patients, there was also left- 
axis deviation Two of these patients had transient 
block after surgery; both died suddenly, 1 at 14 years 
and the other at 33 years after surgery. 


Conduction Disturbance 


Cumulative 


———— CRBB 

———-— Transient CHB 
LAD + CRBBB and 
complete heart block 


p < 0.0001 
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FIGURE 4. Ventricular septal defect after surgery. Life table 
analysis of 258 patients divided into categories according to 
type of conduction abnormality after surgery. CHB = complete 
heart block; CRB3B = compiete right bundle branch block; 
LAD = left-axis d-viation. 








TABLE VI Ventricular Septal Defect After Surgery: Bacterial 
Endocarditis (detzils of 9 episodes in 8 patients) 


Anatomic 
Details 


Years After 
Surgery 


No defect 

No defect 

Mycotic aneurysm 
Mycotic aneurysm 
Residual VSD 

Aortic valve abnormality 
Aortic valve abnormality 
No defect 


*Death, 
VSD = ventricular septaj defect. 


An additional 37 patients (14.3%) had transient 
heart block during the perioperative period that revert- 
ed to normal sinus rhythm within 6 weeks. Of these 37 
patients, 29 are living and 8 have died. In 3 of these 
patients, death was attributed to pulmonary vascular 
obstructive disease. Two other patients died suddenly 
after surgery (6 and 14 years, respectively); 1 of these 
had episodes of syncope. Two other patients died of un- 
known causes. Only 2 of the 37 patients developed 
complete heart block after surgery (6 and 25 years, re- 
spectively). The remaining 9 of the 258 patients had 
complete heart block after surgery and 7 have died (de- 
scribed previously). The remaining 2 patients received 
pacemakers at 7 and 15 years after surgery, respec- 
tively. 

Arrhythmias: Twenty patients had an arrhythmia 
after surgery. Eight of these patients had episodes of 
supraventricular tachycardia, 2 had atrial flutter and 3 
had atrial fibrillation. One patient had 1 episode of ven- 
tricular tachycardia 23 years after surgery. Another 4 
patients had premature ventricular contractions; 3 of 
these were treated. In the remaining 2 patients, an ar- 
rhythmia was reported but not described. Of 13 pa- 
tients with supraventricular tachyarrhythmia, 5 had a 
major cardiac residual problem (cardiomyopathy in 2, 
replacement of either the mitral or tricuspid valve in | 
each, and obstructive pulmonary vascular disease in 1). 

Serious illnesses: Nine episodes of infective endo- 
carditis occurred in 8 patients from 4 to 22 years after 
surgery (Table VI). The rate of occurrence is 11.4/ 
10,000 patient years. Three of these patients died from 
complications of endocarditis (described previously). In 
3 of these patients, cardiac catheterization after surgery 
showed neither a residual defect nor a shunt. The epi- 
sodes of endocarditis occurred before echocardiography 
was available to identify the site of infection. 

There were few other serious illnesses among the 
surviving patients. Five patients developed diabetes mel- 
litus (current ages 34, 40, 40, 55 and 65 years). There 
is 1 case each of the following conditions: Hodgkin’s 
disease; breast cancer; multiple sclerosis; and rheumatic 
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fever. Two patients have mild restrictive pulmonary 
disease. 

In 3 patients, dilated cardiomyopathy has been di- 
agnosed. Each of these patients developed congestive 
cardiac failure 20 to 30 years after surgery, and 
echocardiograms showed ventricular dilatation. Cardiac 
transplantation is being considered in 2 of these pa- 
tients. A specific cause for the cardiomyopathy has not 
been identified. 

Exercise status: The surviving patients were asked 
to rate their exercise ability according to the New York 
Heart Association criteria. Among the 232 patients, 
208 were class 1 and 18 were class 2. Four patients 
described themselves as class 3 (1 is a patient in a 
group home, another has gross obesity, the third has 
severe scoliosis, and the fourth, despite this self-classifi- 
cation, performs manual labor). Two patients were in 
- class 4 (1 with multiple sclerosis and the other with 
severe developmental delay). 

Offspring: Among 294 offspring of the surviving pa- 
tients, 9 (3%), each from a different family, have con- 
genital cardiac malformation. In 4 offspring, the moth- 
er had undergone surgery, and in 5 the father had. In 3 
of these 9 offspring there was a VSD, and in 2 others 
an atrial septal defect. There was | case each of atrio- 
ventricular septal defect, common arterial trunk, coarc- 
tation of the aorta, and pulmonary stenosis. 

Cardiac reoperation: In 19 patients (6%), a second 
cardiac operation was performed; 17 reoperations were 
performed within the first 10 years (10 primarily for a 
residual shunt, 2 for tricuspid regurgitation and | for 
an aortic abnormality). In the remaining 2 cases, the 
aortic valve was replaced at 20 and 21 years, respec- 
tively, after the initial operation to close the VSD. As 
indicated previously, death occurred after 9 of these 19 
reoperations. 

Educational status: The educational status of 232 
surviving patients was ascertained. Twenty-three pa- 
tients, including 7 in special education classes, did not 
complete high school. Another 52 patients had no for- 
mal education after receipt of a high school diploma. 
Twenty-five patients attended a technical school after 
high school. Finally, 132 patients (57%) attended col- 
lege (44 bachelor degrees [19%], 24 master’s degrees 
[10%] and 12 doctoral degrees [5%] [including 5 physi- 
cians]). 


DISCUSSION 

On March 26, 1954, the first VSD was closed by 
surgeons at the University of Minnesota Hospital.!-7 
During the next 6 years, a total of 341 patients under- 
went this operation at our hospital. In this report, we 
describe the current status of 290 of the 296 postopera- 
tive surviving patients. Fifty-nine deaths have occurred 
among these patients. Deaths have occurred in each de- 


cade since the operation, with more occurring during 
the first 10 years. In analyzing the groups of patients 
with significantly better survival, there were those who 
were aged <5 years at surgery, those with lower pul- 
monary vascular resistance, and those with either nor- 
mal electrocardiograms after surgery. The survival was 
better for those who were aged <5 years at surgery (p 
<0.05). Although intracardiac repair of VSD during 
infancy is considered a new development, 26 of our pa- 
tients were aged <2 years at surgery (the youngest 
aged 4 months). Of these patients, only 3 subsequently 
died (none from obstructive pulmonary vascular dis- 
ease). All deaths from obstructive pulmonary vascular 
disease occurred in patients aged >2 years at surgery. 

The effects of elevated pulmonary vascular resis- 
tance on survival after VSD closure have been stud- 
ied,®8:!2-14 and mortality was found to be greater in 
patients with a resistance >7!3 or 881214 mm Hg /liter/ 
min/m?. Among our patients, we found a late mortali- 
ty of 51% for those with preoperative levels >7 mm 
Hg /liter/min/m?, and 11% for those with lower levels. 
The significantly higher mortality was due to not only 
pulmonary vascular disease but all causes. Pulmonary 
vascular disease may have been an important factor in 
the death of patients from other causes. We could attri- 
bute only 1 death to obstructive pulmonary vascular 
disease among patients with low preoperative levels of 
pulmonary vascular resistance. Because of its unique 
nature, that case was previously described.’ Sixteen 
deaths were attributed directly to obstructive pulmo- 
nary vascular disease and its complications. Each of 
these patients was aged =5 years at surgery. The 
deaths occurred from 2 to 24 years after VSD closure. 

Conduction abnormalities have been a major con- 
cern in patients after surgery!’-*4 and were a significant 
risk to our patients. Patients with coexistent complete 
right bundle branch block and left-axis deviation are 
not considered to develop complete heart block unless 
transient heart block is present during the perioperative 
period.!*21.25.26 Our data support this and provide a 
longer duration of follow-up. Among our 9 patients 
with coexistent right bundle branch block and left-axis 
deviation, 2 had sudden death. One of these patients 
had transient heart block during surgery. 

Heart block after surgery has important implica- 
tions. Of our 37 patients with transient block after sur- 
gery, 2 subsequently developed complete heart block at 
6 and 25 years, respectively. Eight of these 37 patients 
died (3 obstructive pulmonary vascular disease, 2 sud- 
denly and unexpectedly, 2 unknown causes and 1 com- 
plete heart block without a pacemaker). Ten other pa- 
tients with complete heart block have died. Eight of 
these patients had not received a pacemaker because 
either pacemakers had not been developed or they were 
newly available?”28 and the indications for their use 
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were still being explored. Two of these patients received 
pacemakers, and died because of pacemaker failure. 
Our study ccnfirms the serious and life-threatening na- 
ture of operatively-induced complete heart block that 
fortunately is an infrequent complication in the current 
era of cardia> surgery. 

Nineteen patients underwent a second cardiac oper- 
ation (14 for residual shunt and 2 for significant tricus- 
pid regurgitation). With improvements in operative 
techniques, a significant residual shunt or tricuspid re- 
gurgitation cccurs infrequently now. Nine of our 59 
deaths occursed after a cardiac reoperation, a situation 
that would rarely occur today. Another patient who 
died from coagestive heart failure can be considered in 
the same catzgory, because his death was related to a 
large residua. defect. 

Therefore these 36 deaths (10 heart block, 9 cardi- 
ac reoperation, | heart failure and 16 obstructive pul- 
monary vascular disease) would largely be avoided with 
current manegement principles. The tendency to oper- 
ate on patien:s aged <2 years avoids the development 
of pulmonary vascular disease, and current techniques 
usually result in complete closure without damage to 
the conduction system. 

Another 13 of our patients died suddenly and unex- 
pectedly or f-om unknown causes. Another 6 deaths 
were accidental, a frequent risk for young adults. Four 
deaths occursed after complications of infection, the 
risk of endocarditis existing in patients with a cardiac 
malformation. Thus, whereas we believe the long-term 
outcome of this group of patients (among the first to 
undergo open-heart surgery) has been very good we an- 
ticipate that Oe outlook for patients currently undergo- 
ing closure of VSD should be excellent. 

The healtk status of our surviving patients is excel- 
lent, with few indicating the presence of major medical 
problems. One concern is the apparent cardiomyopathy 
in 3 patients. The origin of this cardiac problem is un- 
known, but may be related to the method of cardiople- 
gia. We have not surveyed our other patients to deter- 
mine if others who are asymptomatic have similar but 
less severe eckocardiographic changes. 

Infective endocarditis occurred in 9 of our patients 
(11.4/10,000 >atient years), a rate similar to the 11.7/ 
10,000 patienz years reported in unoperated children 
aged 2 to 17 years,? and to the 12/10,000 patient 
years reported in children aged 2 to 14 years, some of 
whom had urclergone cardiac surgery.” Three of our 
patients who developed endocarditis had no residual 
shunt. A prevous report described infective endocardi- 
tis in patients with successfully closed VSD.” This oc- 
currence agair emphasizes the recommendation for an- 
tibiotic prophylaxis for dental, oral surgical and other 
procedures in patients with structural cardiac disease. 
Seven of the episodes of endocarditis that occurred 
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among our patients were during the era before recom- 
mendation for antibiotic prophylaxis in patients after 


surgery. 

Another problem after surgery has been the occur- 
rence of arrhythmias in 20 patients, most of whom re- 
ceived treatment (in each case, with 1 medication). In 
patients with a sustained rhythm disturbance, par- 
ticularly if unusual (e, atrial flutter and fibrillation, 
and ventricular tachycardia), further investigation is 
needed. 

The incidence of complete closure of VSD in this 
very early series compares favorably with that in other 
studies. !9!6.31,32 Despite the major obstacles to cardiac 
surgery in the 1950s, our operative mortality was only 
13%, and the complete closure rate was high (80%). 
With the improvements in cardiac surgery, the outlook 
for an infant born today with VSD should be consider- 
ably better than that of 35 years ago when this series 
began. 


Acknowledgment: We express our appreciation to 
Dorothee Aeppli, PhD. 
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Comparison of Transcranial Doppler Ultrasound 
and Transesophageal Contrast Echocardiography 
in the Detection of Interatrial 
Right-to-Left Shunts 


James J. Nemec, MD, Thomas H. Marwick, MD, Ronald J. Lorig, MD, PhD, 
Malcolm B. Davison, MD, Marc |. Chimowitz, MD, Harvey Litowitz, MSBE, 
and Ernesto E. Salcedo, MD 


Transesophageal contrast echocardiography is 
an effective but semiinvasive technique for the 
detection of interatrial right-to-left shunts. 
Transcranial Doppler ultrasound is an alternative 
noninvasive method, but may be limited by false- 
positive diagnoses due to intrapulmonary shunt- 
ing. This stady examined the accuracy of trans- 
cranial Doppler for the detection of shunt le- 
sions. Transcranial Doppler of the right middle 
cerebral artery was performed simultaneously 
with transesophageal and transthoracic contrast 
echocardiography in 32 patients using agitated 
saline contrast during normal respiration and 
Valsalva. Teansesophageal contrast echocardi- 
ography diagnosed an interatrial right-to-left 
shunt in 13 patients and intrapulmonary shunt- 
ing in 6 patients. Transcranial Doppler identified 
all 13 interatrial right-to-left shunts and an in- 
trapuimonary shunt in 3 of 6 patients. Absence 
of a shunt was confirmed by transcranial Dopp- 
ler in 12 of 12 patients. Transcranial Doppler 
had a sensitvity of 100% (13 of 13), specificity 
of 100% (18 of 18) and accuracy of 100% (31 
of 31) for prediction of an interatrial right-to-left 
shunt by transesophageal contrast echocardiog- 
raphy. In comparison, transthoracic contrast 
echocardiography had a sensitivity of 54% (7 of 
13), specificity of 94% (17 of 18) and accuracy 
of 77% (24 ot 31). Thus, transcranial Doppler is 
highly accurate for detection of an interatrial 
right-to-left shunt and not compromised by 
physiologic mtrapulmonary shunts, whereas 
transthoracic contrast echocardiography lacks 
sensitivity. Transcranial Doppler may be useful 
as an alternative to transesophageal study, 
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where the primary indication for transesophage- 
al echocardiography is exclusion of an interatrial 
right-to-left shunt. 

(Am J Cardiol 1991;68:1498-1502) 


events, echocardiography is increasingly used to 

detect possible cardiac sources of thromboembo- 
lism and to identify interatrial right-to-left communica- 
tions. The latter may serve as a mechanism of para- 
doxic embolism,'3 and identification of such lesions 
may allow for Gefinitive treatment.>-> Contrast echo- 
cardiography has been used to detect such communica- 
Dons D! However, transthoracic contrast echocardiogra- 
phy is limited by inadequate imaging, especially during 
provocative maneuvers (e.g., Valsalva) designed to en- 
hance right-to-left shunting of contrast. Transesophage- 
al contrast echocardiography facilitates undisturbed im- 
aging during contrast studies, with a commensurate im- 
provement in sensitivity, but has the disadvantage of 
semi-invasiveness and limited availability. 

Transcranial Doppler ultrasound examination of the 
middle cerebral artery during contrast injection is a 
noninvasive technique which has recently been reported 
to improve the sensitivity of transthoracic echocardiog- 
raphy for the detection of an interatrial right-to-left 
shunt.? However, this technique may be limited by 
false-positive diagnoses due to intrapulmonary shunt- 
ing, which has been documented in normal subjects 
by transesophageal contrast echocardiography.!® This 
study examined the accuracy of transcranial Doppler 
for detecting interatrial shunts after contrast injection 
using simultaneous transesophageal and transthoracic 
echocardiographic imaging. 


D patients with unexplained cerebral ischemic 


METHODS 

Patients: Between March 1990 and November 
1990, 32 patients underwent transthoracic and trans- 
esophageal contrast echocardiography in conjunction 
with transcranial Doppler examination of the right 
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middle cerebral artery. The study group consisted of 14 
men and 18 women aged 22 to 78 years (mean 50). 
Echocardiography was performed in 21 patients be- 
cause of unexplained cerebral or peripheral vascular 
ischemic events (19 cerebrovascular strokes, 1 cerebral 
transient ischemic attack and 1 renal infarct). The re- 
maining 11 patients underwent echocardiographic eval- 
uation for unrelated reasons. Cardiac or cerebrovascu- 
lar disease was present in 14 patients (44%), and 18 
(56%) were free of identifiable disease as assessed by 
history, physical examination, electrocardiogram, chest 
roentgenogram, and carotid duplex ultrasound or cere- 
bral angiographic studies. Coronary artery disease was 
present in 7 patients (22%), atrial fibrillation in 3 (9%), 
and valvular disease in 9 (28%). 

Echocardiographic protocol: Each patient was 
brought to the echocardiographic laboratory after a 6- 
hour fast. Standard transthoracic and transesophage- 
all! echocardiographic examinations using commercial- 
ly available machines were performed using 2-dimen- 
sional, Doppler and color Doppler evaluations. Imaging 
after contrast injection was performed during normal 
respiration and Valsalva maneuver. 

Contrast studies were performed using a mixture of 
6 ml of saline solution, a small volume (0.5 ml) of air, 
and a drop of the patient’s blood. This mixture was 
vigorously agitated by pumping between two 10 ml sy- 
ringes connected by a 3-way stopcock and then imme- 
diately injected via a catheter into an antecubital vein.? 

An interatrial right-to-left shunt was diagnosed if 
contrast crossed the interatrial septum within 1 to 2 
cardiac cycles after its appearance in the right atrium. 
Intrapulmonary shunting was diagnosed by delayed ap- 
pearance of contrast in the left cardiac chambers. Find- 
ings were considered indeterminate if the presence or 
absence of contrast appearing in the left cardiac cham- 
bers was not definite or the timing of contrast appear- 
ance was unable to be determined. 

Transcranial Doppler examination: A 2 MHz trans- 
cranial pulsed Doppler transducer (Medasonics Trans- 
pect, Mountain View, California) was positioned so as 
to obtain flow of the right middle cerebral artery during 
the transthoracic and transesophageal contrast echocar- 
diographic examinations.” Transcranial Doppler was 
considered positive for a right-to-left shunt if 1 or more 
contrast microcavitations were detected in the Doppler 
flow signal after contrast injection. The signals pro- 
duced by the contrast microcavitations were character- 
ized by a distinctive auditory finding that had a high- 
pitched “popping” quality. Microcavitations produced 2 
distinct patterns in the transcranial Doppler flow signal, 
which was recorded on a strip-chart recorder. Isolated 
microcavitations, which had a high fluid-to-air acousti- 
cal impedance ratio, were manifested by increased 
brightness which tracked the velocity of surrounding 





red blood cells. Large numbers of microcavitations sat- 
urated the amplifier and software causing transient in- 
terrupiion of the Doppler signal on the tracing (Figure 
1). However, this did not result in interruption of the 
auditory signal, which was characterized by repetitive 
popping auditory signals, The audio signal output was 
passed through a zero crossing counter which was con- 
nected to an auxiliary port of the echocardiographic 
machine. This enabled the Doppler audio signal and a 
waveform envelope to be recorded on the same 12-inch 
VHS videotape used to record the echocardiographic 
images (Figures 2 and 3). 

Statistical analysis: The results of transcranial 
Doppler and contrast echocardiography were interpret- 
ed for 3 groups of patients: those with an interatrial 
right-to-left shunt, those with physiologic intrapulmo- 
nary shunts, and those without evidence of a shunt. 
Using transesophageal contrast echocardiography for 
comparison, the sensitivity, specificity and accuracy of 
transcranial Doppler and transthoracic contrast echo- 
cardiography for prediction of an interatrial right-to- 
left shunt were assessed. Sensitivity was calculated as 
the percentage of patients with a shunt identified as 
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FIGURE 1. Transcranial Doppler ultrasound recordings of 
middle cerebral artery blood flow. A, normal flow pattern be- 
fore contrast injection; B and C, patterns seen in the presence 
of an interatrial (B) and intrapulmonary (C) shunt ilhistrating 
detection of isolated (closed arrows) and numerous (open ar- 
row) microcavitations, the latter of which interrupt the flow 
signal. 
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true positives. Specificity was calculated as the percent- 
age of patierts without a shunt confirmed as true nega- 
tives. Accurecy was calculated as the percentage of pa- 
tients with and without shunts identified correctly. 


RESULTS 

Transesoghageal contrast echocardiography: 
Transesophazeal contrast echocardiography identified 
the presence- of an interatrial right-to-left shunt in 13 
patients: 11 with an intact interatrial septum and 2 
with an atrial septal defect (1 being secundum and the 
other sinus venosus in type). Right-to-left shunting of 
contrast was present in 11 patients during normal respi- 
ration, whereas shunting occurred only during Valsalva 
maneuver in 2 patients. In each case, multiple contrast 
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FIGURE 2. Transesophageal 4-chamher image illustrating 
passage of con-rast microcavitations (closed arrow) across 
the interatrial septum in the presence of an interatrial shunt. 
Transcranial Deppier waveform envelope is depicted in lower 
portion of figur2 (open arrow). LA = left atrium; LV = left ven- 
tricle; RA = right atrium. 


FIGURE 3. Transesophageal 4-chamber image illustrating late 
appearance of < contrast microcavitations in left atrium (LA) 
in the presence of an intrapulmonary shunt. Note that the 
echocardiographic contrast has essentially cleared from the 
right atrium (RÄ) by this time. LV = left ventricle. 
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microcavitations crossed the interatrial septum within 1 
to 2 cardiac cycles (Figure 2). Both patients with an 
atrial septal defect demonstrated a right-to-left shunt. 
A single patient failed to show right-to-left contrast 
shunting but had left-to-right shunting across the inter- 
atrial septum on color Doppler and negative contrast 
effect in the right atrium, presumably representing a 
small atrial septal defect despite an intact septum on 
2-dimensional imaging. Intrapulmonary shunting was 
identified in 6 patients and manifested by only a few 
contrast microcavitations which had a delayed appear- 
ance in the left atrium (Figure 3). No evidence of a 
shunt was found in the remaining 12 patients. 

Transthoracic contrast echocardiography: Trans- 
thoracic contrast echocardiography identified the pres- 
ence of an interatrial right-to-left shunt in 7 of the 13 
patients (54%) identified by transesophageal echocardi- 
ography. Additionally, 4 patients had indeterminate 
studies. Both patients with an atrial septal defect identi- 
fied by transesophageal echocardiography were identi- 
fied by transthoracic contrast echocardiography and ex- 
hibited a right-to-left shunt. The single patient with 
only a left-to-right shunt by transesophageal echocardi- 
ography had no evidence of an interatrial shunt on 
transthoracic examination either by contrast techniques 
or color Doppler. Evidence of intrapulmonary shunting 
observed in 6 patients by transesophageal contrast 
echocardiography was not identified by transthoracic 
contrast echocardiography. Of the 12 patients without 
evidence of a shunt by transesophageal echocardio- 
graphic examination, 11 were identified correctly and 
the remaining study was indeterminate by transthoracic 
echocardiography. This produced an overall sensitivity 
of 54% (7 of 13), specificity of 94% (17 of 18) and 
accuracy of 77% (24 of 31) for detection of an inter- 
atrial right-to-left shunt by transthoracic contrast echo- 
cardiography (Figure 4). 

Transcranial Doppler: Transcranial Doppler detect- 
‘ed multiple microcavitations after right-to-left shunting 
of contrast in all 13 patients (100%) with an interatrial 
right-to-left shunt identified by transesophageal echo- 
cardiography, including both patients with an atrial 
septal defect. The single patient who only manifested 
left-to-right flow on color Doppler and negative con- 
trast effect in the right atrium during transesophageal 
echocardiography had no detectable microcavitations. 
Of the 6 patients with intrapulmonary shunts identi- 
fied by transesophageal echocardiography, transcranial 
Doppler detected only a few microcavitations in 3 pa- 
tients and none in the remaining 3 patients. The 12 
patients (100%) without any evidence of a shunt by 
transesophageal echocardiography had no microcavita- 
tions detected by transcranial Doppler. 

Transcranial Doppler was able to distinguish inter- 
atrial right-to-left shunts from intrapulmonary shunts 
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based on the quantity of microcavitations which were 
shunted. The distinct audio quality and recorded pat- 
terns of detected microcavitations allowed for quantita- 
tion (Figure 1). Interatrial shunts were characterized 
by =5 microcavitations (usually these were too numer- 
ous to count). Intrapulmonary shunts, however, were 
characterized by <5 or no detectable microcavitations 
(no patient with an intrapulmonary shunt had >3 mi- 
crocavitations). With use of these parameters, trans- 
cranial Doppler was able to predict the presence of an 
interatrial right-to-left shunt with a sensitivity of 100% 
(13 of 13), specificity of 100% (18 of 18) and accuracy 
of 100% (31 of 31) (Figure 4). 


DISCUSSION 

This study demonstrates that transcranial Doppler is 
highly accurate for the detection of right-to-left shunts 
and that intrapulmonary shunting does not result in 
false-positive diagnoses. Transcranial Doppler improved 
the ability of transthoracic contrast echocardiography 
to detect interatrial right-to-left shunts and clarified in- 
determinate and false-negative transthoracic studies. 

Transthoracic contrast echocardiography: Several 
reports have noted an association between the presence 
of an interatrial right-to-left shunt and embolic cerebral 
and peripheral vascular events.!~> Transthoracic con- 
trast echocardiography is able to detect very small 
right-to-left shunts. Provocative maneuvers, such as 
Valsalva and cough, have been used to improve the sen- 
sitivity of the technique by enhancing the degree of 
right-to-left shunting. Kronik and Mosslacher!* report- 
ed that >90% of patients with an atrial septal defect 
and 64% of patients with a patent foramen ovale had 
contrast studies positive for a right-to-left shunt. Du- 
bourg et al’ found the sensitivity of contrast echocardi- 
ography for detection of an interatrial right-to-left 
shunt during normal respiration to be only 40%, but 


this increased to 60% with Valsalva and to 100% with 
cough. Specificity remained at 78% for all 3 methods. 
The results of the present study using transthoracic 
contrast echocardiography with Valsalva are in accord 
with these findings. ` 

Transesophageal echocardiography in diagnosis 
of interatrial shunt: Transesophageal echocardiography 
affords improved ability to detect intracardiac sources 
of emboli. Furthermore, because it offets undisturbed 
imaging, transesophageal contrast’ echocardiography 
has been found to be highly accifate in detecting inter- 
atrial right-to-left shunts. In comparison, transthoracic 
contrast echocardiography is limitéd by inadequate 
and, at times, loss of imaging, particularly during pro-. 
vocative maneuvers designed to increase its sensitivity. 

Doppler techniques: Previous studiés have reported 
the ability of Doppler techniques to-detect air emboli!3 
and saline contrast microcavitatioris.'* More recently, 
transcranial Doppler has enabled detection of air 
emboli during carotid endatteféctomy.!5 Teague and 
Sharma? found that transcranial Doppler improved the 
accuracy of transthoracic contrast echocardiography 
for detection of interatrial right-to-left shunts, particu- 
larly when studies were indetetminate. However, the 
issue of whether intrapulmonary shunting could create 
false-positive diagnoses was not evaluated. Wittlich and 
Kramer!° documented intrapulmiénary shunting of con- 
trast in all 24 of their normal subjects by transesopha- 
geal echocardiography using agitated gelatine solution. 
Although intrapulmonary shunting of contrast was also 
observed in our study, its prevalence was low and the 
degree of this shunting was of small magnitude or not 
detectable. The ability to quantitate the shunted micro- 
cavitations permitted differeritiation between interatrial 
and physiologic intrapulmonary shunts. The prevalence 
and magnitude of intrapulmonary shunting may be due 
to the type of echocardiographié contrast agent used: 
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FIGURE 4. Comparison of transesophage- 
al echocardiography (TEE), transcranial 
Doppler ultrasound (TCD) and transtho- 
racic echocardiography (TTE) in detecting 
various types of shunts. L = left; R = right. 
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Wittlich and Kramer used agitated gelatine solution, 
whereas th= present study used agitated saline mixed 
with air ard blood. These different methods result in 
different contrast microcavitation bubble diameter, 
with more ~scous solutions producing smaller diameter 
microbubbks that are able to undergo transpulmonary 
passage an= cause positive transcranial Doppler sig- 
nals.!© Although this issue was not analyzed in the 
present stuxy, gelatine-based contrast is reported to 
produce microbubbles measuring 12 + 10 nm diame- 
ter,!© whereas the method of producing saline contrast 
used in this study gives bubbles of 24 to 180 vu? The 
admixture cr blood to saline produces a more viscous 
solution and facilitates transpulmonary passage of mi- 
crocavitatios in comparison with standard saline con- 
trast. 

The use of carotid Doppler ultrasound to detect 
shunted contrast microcavitations has not been reported 
and warrarts further investigation. If this technique 
were to prove as efficacious as transcranial Doppler in 
detecting cortrast microcavitations, then it would repre- 
sent a methxd more frequently available for use in con- 
junction witt contrast transthoracic echocardiography. 

Study liwitations: This study compared results of 
transcranial Doppler with transesophageal and trans- 
thoracic echc-cardiography. The design did not include 
independen. confirmation of the echocardiographic 
findings with the exception of the 2 atrial septal defects, 
both of which were confirmed surgically. However, pre- 
vious studies have documented the accuracy of echocar- 
diographic techniques in detecting patent foramen ovale 
by surgical, pathologic and catheterization tech- 
niques. >ó 

Transcrarial Doppler techniques have previously 
been used to detect air emboli and saline contrast mi- 
crocavitatiors.?!5 We believe that the temporal relation 
of the detection of microcavitations after contrast injec- 
tion in this study, and their absence before injection, 
confirms the. observed characteristics of the changes 
in the transcranial Doppler waveform. Transcranial 
Doppler teckniques are limited in detecting right-to-left 
shunts; this © demonstrated in the present study by the 
single patient with an interatrial left-to-right shunt by 
transesophageal echocardiography. 


Clinical role of transcranial Doppler: Transcranial 
Doppler may be useful as an alternative to transesopha- 
geal echocardiographic study in selected patients for 
whom the primary indication for transesophageal study 
is exclusion of an interatrial right-to-left communica- 
tion. The efficacy of carotid Doppler ultrasound in de- 
tecting shunted microcavitations warrants further inves- 
tigation, since this technique would be available more 
often than transcranial Doppler ultrasound. 
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MISCELLANEOUS 


Effect of Digoxin on ST-Segment Changes 
Detected by Ambulatory Electrocardiographic 
Monitoring in Healthy Subjects 


Aryan N. Mooss, MD, John A. Prevedel, MD, Syed M. Mohiuddin, MD, 
Daniel E. Hilleman, PharmD, and Michael H. Sketch, Sr., MD 


Digoxin causes false-positive ST depression dur- 
ing exercise stress testing, but it is unknown if 
digoxin produces ST depression during ambula- 
tory electrocardiographic monitoring. Fifty 
healthy volunteers underwent both exercise 
stress testing and ambulatory electrocardio- 
graphic monitoring before and after 14 days of 
digoxin (0.25 mg/day) administration. Signifi- 
cant ST depression was defined as >1 mm of 
horizontal or downsloping ST depression 80 ms 
after the J point lasting for =60 seconds. 

During therapy, 13 subjects (26%) had at 
least 1 episode of ST depression and 5 subjects 
(10%) had multiple episodes of ST depression 
detected by ambulatory monitoring. Ten subjects 
(20%) had ST depression that occurred during 
exercise that was detected by both stress test 
and ambulatory monitoring. Three subjects (6%) 
had ST depression that was detected on the am- 
bulatory recording only at times other than dur- 
ing the stress test. Stratification of demographic 
and clinical variables did not predict digoxin-in- 
duced ST depression. 

Thus, digoxin causes false-positive ST de- 
pression detected by ambulatory monitoring. The 
incidence is similar to that observed during 
stress testing, but also occurs at heart rates low- 
er than that achieved during stress tests. Ambu- 
latory electrocardiographic monitoring will be 
less useful in the noninvasive assessment of 
coronary artery disease in patients receiving di- 
goxin. 

(Am J Cardiol 1991;68:1503-1506) 
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being used to document episodes of ST-seg- 
ment depression occurring with or without as- 
sociated symptoms of myocardial ischemia.!* The fre- 
quency and severity of ST-segment depression detected 
by ambulatory monitoring correlates well with clinical 
outcome in selected patient groups.*4 
Digitalis glycosides are known to produce false-posi- 
tive ST-segment depression during exercise stress test- 
ing in both normal subjects and patients with coronary 
artery disease.*-* It is not known if digoxin-induced 
false-positive ST-segment depression occurs during am- 
bulatory monitoring. The purpose of this study was to 
determine whether digoxin induces ST-segment depres- 
sion during ambulatory monitoring. In addition, this 
study examined the concordance of digoxin-induced 
ST-segment depression observed during ambulatory 
monitoring and upright treadmill exercise stress testing. 


A mbulatory electrocardiographic monitoring is 


METHODS 

Subjects: We studied 60 healthy men between the 
ages of 21 and 37 years of age (mean 29 + 4). All 
subjects were nonsmokers and were considered healthy 
on the basis of a prestudy evaluation that included a 
history and physical examination, 12-lead electrocar- 
diogram and routine laboratory tests. 

The study was approved by our university’s institu- 
tional review board. All volunteers gave written in- 
formed consent before participation in the study. 

Protocol: An ambulatory electrocardiographic mon- 
itor (Delmar Avionics model 447) was placed and acti- 
vated before the initial exercise study. Frequency range 
for this AM recorder was 0.05 to 100 Hz. A 2-lead 
system with meticulous skin preparation and electrode 
placement was used. Subjects kept a detailed diary, re- 
cording activities and symptoms during the 24-hour re- 
cording period. None of the subjects had ST changes 
with position, hyperventilation or Valsalva maneuver. 

After placement of the ambulatory monitor, sub- 
jects underwent an upright continuous, multistage 
Bruce protocol treadmill exercise stress test to 85% of 
predicted maximal heart rate. The immediate postexer- 
cise electrocardiogram was recorded with the subjects 
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TABLE I Number of Subjects with ST Depression After 
Exercise Treécmill Stress Testing 


Subjects (n) 
<1 Min. 


After 
Exercise 


1—2 Min. 
After 
Exercise 


2—4 Min. 
After 
Exercise 


ST Immediately 
Depres-ion After 
(mm) Exercise 


3 0 
2 1 
2 0 
3 2 
l 0 
l i 
8 4 
2 l 
4 2 


ECG = electrocaærdiographic. 


in the standi position, while all other postexercise re- 
cordings wer= obtained in the supine position. 

After the 24-hour ambulatory monitoring period 
was complet=d, subjects took digoxin (Lanoxin, Bur- 
roughs-Wellcome) 0.25 mg/day in the morning for 14 
days. On the 14th day of digoxin treatment, subjects 
returned for a repeat 24-hour ambulatory recording 
and a Bruce protocol exercise study. A blood sample 
for determination of serum digoxin concentration was 
also obtained. 

Subjects veloping digoxin-induced ST depression 
during exercise stress returned 7 days after digoxin dis- 
continuation "or a third ambulatory recording and 
Bruce protoc=l exercise stress test. 

Exercise stress tests: Exercise studies were con- 
ducted using a Quinton treadmill (model 55) and 
Quinton (serizs 5000) recorders. ST depression was 
considered sigmificant if it occurred in 1 or more postex- 
ercise leads (except aVR) and manifested as =1 mm of 
flat or dowmward sloping ST-segment depression of 
280 msc durétion. 

Ambulatory electrocardiographic recordings: Tape 
recordings wese reviewed using a Cardio-Data Prodigy 
scanner at 120 times real time. Significant ST depres- 
sion was deficred as 21 mm of horizontal or downslop- 
ing ST depresion 80 ms after the J point lasting for 
260 seconds. Only episodes of ST depression agreed on 
by 2 reviewer= were considered significant. These re- 
viewers were inaware of the results of the exercise 
studies and treatment with digoxin. Episodes of ST ele- 
vation and alt=rnating T-wave polarity were document- 
ed. Episodes -f ST depression were tabulated noting 
total duration :n minutes, maximal magnitude in milli- 
meters, and time of day and heart rate at onset in beats 
per minute. 

Serum digsxin concentration: Digoxin concentra- 
tions were measured by radioimmunoassay using a 
commercial !={-RIA-kit (New England Nuclear) after 





extraction of digoxin with dichloromethane. The lower 
limit of detection of this assay was 0.5 ng/ml. 


RESULTS 

Fifty of the 60 subjects successfully completed the 
study. Four subjects completed the initial evaluation 
and baseline stress test and ambulatory monitoring, but 
failed to return for repeat studies. Six other subjects 
completed the necessary studies, but recorder failures 
occurred during one of the test periods. Data from 
these 10 subjects were not included in the analysis. 

None of the subjects had ST depression during the 
initial predigoxin stress tests and 24-hour ambulatory 
recordings. No subject reported symptoms in their dia- 
ries, nor did any subject complain of any adverse effect 
related to digoxin. 

Exercise stress tests: During digoxin treatment, 10 
of the subjects (20%) had ST depression during exer- 
cise stress. Of these 10 subjects, 7 had ST depression 
immediately after exercise, 2 had ST depression at 1 
minute after exercise and 1 had ST depression at 2 
minutes after exercise. Of the 7 patients who had ST 
depression immediately after exercise, 5 had normal- 
ized at | minute after exercise and the other 2 had 
normalized at 2 minutes after exercise. The ST-seg- 
ments normalized by 4 minutes after exercise in the 3 
subjects who had late onset of ST depression. Nine of 
the 10 subjects had ST depression in >1 lead (Table I). 

Ambulatory electrocardiographic monitoring: Dur- 
ing digoxin administration, 13 (26%) subjects devel- 
oped at least 1 episode of ST depression during ambu- 
latory monitoring (Table II). Six of the subjects had 
ST depression only during the stress test. Four subjects 
had episodes of ST depression during both the stress 
test and at other times during the ambulatory recording 
period. Three subjects had episodes of ST depression 
only at times other than during the stress test (Figure 
1). Concordance between exercise stress and ambulato- 
ry monitoring was observed in 10 of the 13 subjects. 

Follow-up studies: Follow-up stress tests and ambu- 
latory recordings were obtained 7 days after discontinu- 
ation of digoxin in the 10 subjects with stress tests 
interpreted as showing ischemic ST changes. Three 
subjects with ST changes detected on ambulatory mon- 
itoring but not during exercise stress did not have fol- 
low-up studies obtained. Of the 10 subjects with follow- 
up studies, 4 had ST depression on ambulatory moni- 
toring, the exercise test or both. Two had ST depression 
on both the stress test and the ambulatory recording, 
| had ST depression only during the exercise test, 
and 1 had ST depression only during the ambulatory 
recording. 

Digoxin was associated with other electrocardio- 
graphic abnormalities detected during ambulatory 
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monitoring including T-wave inversion in 10 subjects 
(20%) and Mobitz type I second-degree atrioventricu- 
lar heart block in 5 subjects (10%). These changes were 
not associated with symptoms. 

Serum digoxin concentrations: Serum digoxin con- 
centrations were in the therapeutic range of 0.8 to 2.1 
ng/ml in 46 of the 50 subjects (92%). In 3 subjects, 
digoxin concentrations were <0.8 ng/ml and in 1 sub- 
ject the digoxin concentration was 2.2 ng/ml. The 
mean serum digoxin concentration at the time of the 
exercise test was 1.35 + 0.44 ng/ml. The digoxin con- 
centrations were <0.5 ng/ml in all 10 subjects who un- 
derwent follow-up studies 7 days after digoxin discon- 
tinuation. 

Serum digoxin concentrations were not significantly 
different in the 13 subjects with ST depression during 
ambulatory monitoring as compared with the entire 
group of subjects or between the 10 subjects with ST 
depression during exercise tests and the entire group of 
subjects. 

Other predictive factors: There were no significant 
differences between subjects developing ST depression 
with digoxin and those who did not with regard to age 
(<30 vs >30 years), serum creatinine, calculated creat- 
inine clearance, serum potassium, serum magnesium, 
body surface area, or a positive family history of car- 
diovascular or coronary artery disease. 


DISCUSSION 

Ambulatory electrocardiographic monitoring has 
been used to detect transient ST changes in patients 
with coronary artery disease. There is evidence that in 
selected groups of patients, ST depression detected by 
ambulatory monitoring represents myocardial ische- 
mia.!? Many of these episodes of ST depression are 
asymptomatic. In certain subgroups of patients with 
known coronary artery disease, the presence of asymp- 
tomatic ST depression has important prognostic impli- 
cations.?-4 

Several studies have demonstrated that digoxin can 
induce ST depression mimicking ischemia during exer- 
cise stress testing. It has been assumed, but never 
tested, that digoxin would induce similar changes dur- 
ing ambulatory monitoring. Thus, most studies using 
ambulatory monitoring as a diagnostic and prognostic 
tool have excluded patients treated with digoxin.!~4 

Our study in healthy subjects demonstrates that di- 
goxin induces ST depression that could be interpreted 
as ischemia. Digoxin-induced ST depression was ob- 
served in 26% of subjects during ambulatory monitor- 
ing which is similar in frequency to that reported in 
exercise studies.°-® It is interesting to note that in 3 
subjects (6%), ST depression did not occur during 
stress but only at lower heart rates. In addition, ST 





depression occurred in 7 subjects at times other than 
during the exercise stress test. 

Our study has several limitations. It 1s possible that 
spontaneous variation accounted for some of the epi- 


TABLE H Severity and Duration of Digoxin-Induced 
ST-Segment Depression During Ambulatory 
Electrocardiographic Monitoring 


Maximal 
Duration Total ST Magnitude 
of Depression HR at of ST 
Episodes Time Onset Depress on 


{min:sec) (min:sec) (beats/min) (mm) 


*Subdjects with ST-segment depression occurring only at times other than during the 
exercise stress test. 
HR = heart rate, 
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FIGURE 1. Electrocardiographic recording from a single vol- 
unteer before ingestion of digoxin (A), during treatment with 
digoxin at a time of normal ST-segment response CHL and 
during treatment with digoxin at a time of ST-segment de- 
pression occuring with normal daily activity (C). 
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sodes of ST depression that were attributed to digox- 
in.?!0 ST depression has been reported in apparently 
healthy persens.!! A longer period of baseline monitor- 
ing may hav2 more accurately defined the incidence of 
spontaneous ST depression in our subjects. However, 
the incidence of spontaneous ST depression occurs in 
<3% of healthy subjects and has not been reported in 
subjects <4C years.!! 

A longer digoxin washout period before repeating 
follow-up studies in our subjects with ST depression 
would have provided more convincing evidence that ST 
depression was digoxin-induced. Repeat studies at 1 
week after stopping digoxin in the present study dem- 
onstrated ST depression in 4 subjects. Although the di- 
goxin levels were <0.5 ng/ml in these subjects, the 
pharmacodyramic effects of the drug could have still 
been present. Previous work at our center has shown 
that digoxin-mduced ST depression normalizes after a 
12-day digoxm washout.” However, ST depression per- 
sists in about 20% of subjects after a 7-day washout. 

Last, extrapolation of our study’s findings to wom- 
en, the elderl+, or to patients with coronary artery dis- 
ease should be made with caution. The incidence of 
digoxin-induced ST depression should be based on 
studies conducted specifically in these patient popula- 
tions. 
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Two-Dimensional Contrast Echocardiography in 
the Detection and Follow-Up of Congenital 
Pulmonary Arteriovenous Malformations 


Benico Barzilai, MD, Alan D. Waggoner, BA, RDMS, Chery! Spessert, RN, BSN, 
Daniel Picus, MD, and Daniel Goodenberger, MD 


Pulmonary arteriovenous (A-V) malformation is 
frequently a manifestation of Osler-Weber-Ren- 
du syndrome (hereditary hemorrhagic telangiec- 
tasia). We identified 14 patients (9 men and 5 
women) with A-V malformation by contrast 
echocardiography; 10 patients with atrial right- 
to-left shunt served as control subjects. Agitated 
saline solution (10 ml) was injected through a 
peripheral vein during echocardiographic imag- 
ing. The delay in the appearance of microcavita- 
tions in the left atrium was measured (in number 
of frames) after right atrial appearance. The de- 
gree of left ventricular opacification was graded 
1 to 4+ (where 4+ = intense left ventricular en- 
docardial outline, and 1+ = minimal opacifica- 
tion). Results indicated patients with A-V malfor- 
mation had a significant delay (p <0.001) in left 
atrial appearance of microcavitations compared 
with those with atrial right-to-left shunt (66 + 
27 vs 21 + 7 frames, mean + 1 standard devi- 
ation). In the group with A-V malformation, ab- 
normal blood gases were present in only 6 of 14 
patients and chest x-ray was positive in 7. Pul- 
monary angiography was performed in 11 of 14 
patients with positive contrast echocardiogra- 
phy, and all 11 had A-V malformation identified. 
In patients with 3 to 4+ left ventricular opacifi- 
cation (n = 8), large (>5 mm feeding vessel) or 
multiple malformations were present, whereas 
patients with small or isolated malformation had 
1 to 2+ left ventricular opacification. Balloon oc- 
clusion of malformations was performed in all 11 
of these patients; repeat contrast echocardiogra- 
phy revealed significant diminution of right-to- 
left shunt in 9, and 2 required repeat embolo- 
therapy for an additional previously undetected 
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A-V malformation. Thus, contrast 2-dimensional 

echocardiography is extremely sensitive for the 

identification of pulmonary A-V malformation. 
(Am J Cardiol 1991;68:1507-—1510) 


nous (A-V) malformation associated with he- 

reditary hemorrhagic telangiectasia may be un- 
suspected, particularly when clinical signs of dyspnea, 
epistaxis or hypoxemia at rest are not present.!-3 Typi- 
cally, confirmation of the diagnosis of pulmonary A-V 
malformation necessitates pulmonary angiography.*® 
Early reports described the use of contrast M-mode 
echocardiography to detect pulmonary A-V malforma- 
Don. "TU After peripheral intravenous injections of agi- 
tated saline solution, microcavitations are seen in the 
left atrium and ventricle after a predictable delay. Two- 
dimensional echocardiography has major advantages 
over M-mode techniques and provides direct visualiza- 
tion of the site of appearance of the contrast agent. 
We studied the accuracy of contrast 2-dimensional 
echocardiography for the detection of pulmcnary A-V 
malformation and compared the results with those ob- 
tained in patients with intraatrial right-to-left shunt. 
We also examined use of this technique for follow up of 
patients with pulmonary A-V malformation after em- 
bolotherapy. 


T he diagnosis of congenital pulmonary arteriove- 


METHODS 

The study group consisted of 29 patients (17 men 
and 12 women). Nineteen patients had phenotypic Os- 
ler-Weber-Rendu syndrome. Four patients were index 
cases (e, they were known to have Osler-Weber-Ren- 
du syndrome and were suspected to have pulmonary A- 
V malformation on the basis of radiography or clinical 
presentation). Fifteen patients were first-degree rela- 
tives of the index cases. They were diagnosed consecu- 
tively as they presented for screening. Ten patients with 
atrial right-to-left shunt due to patent foramen ovale 
(n = 8) or secundum atrial septal defect (n = 2) who 
had been previously studied were used as control sub- 
jects. Patients with patent foramen ovale exhibited 
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marked bowing of the intraatrial septum, and those 
with atrial s2ptal defects had easily identified defects 
from the subcostal views. All patients underwent stan- 
dard 2-dimemsional echocardiography, including para- 
sternal, apicel and subcostal views. In each patient, a 
peripheral intravenous line (19 gauge butterfly) was es- 
tablished in an antecubital vein, and 2 to 10 ml syringes 
were connected by a 3-way stopcock. One syringe con- 
tained 10 ml of saline solution; a small amount of air 
(0.2 ml) was introduced into the other syringe. After 
agitating the saline solution for 10 seconds, a forceful 
hand injection was performed with simultaneous 2-di- 
mensional imaging in an apical 4-chamber view. 

Contrast 2-dimensional echocardiograms were ana- 
lyzed for the time delay (in frames) between appear- 
ance of micrecavitations in the left atrium and initial 
appearance ir the right atrium. Relative opacification 
of the left ventricle was qualitatively assessed on a scale 
of 1 to 4+. Evidence of minimal left ventricular micro- 
cavitations wes graded 1+, moderate microcavitations 
2+, extensive microcavitations without outlining the 
endocardium 3+ and extensive microcavitations with 
clear endocardial definition 4+. Heart rate was mea- 
sured as the ER interval in milliseconds. 

In each of "he patients with pulmonary A-V malfor- 
mation detected by contrast 2-dimensional echocardi- 
ography, the following clinical information was ob- 
tained from the patient record: presence and location of 
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a bruit; evidence of telangiectasia; history of epistaxis or 
dyspnea; and history of neurologic events including ce- 
rebral abscess and vascular accident, transient ischemic 
attack and parasthesias in the extremities. Partial pres- 
sure of oxygen in the arterial blood at rest was mea- 
sured, and the standard chest x-ray was reviewed for 
radiologic evidence of A-V malformation. 

In all but 3 patients, diagnostic pulmonary angiog- 
raphy was performed to confirm presence, number and 
size of malformations. Pulmonary angiography was 
performed as a clinical diagnostic procedure in patients 
suspected to have pulmonary A-V malformation. This 
suspicion was based on symptomatology, radiogra- 
phy, positive echocardiogram, or abnormal room air or 
100% arterial blood gases, as well as certain clinical 
syndromes suggesting that occult pulmonary A-V mal- 
formation might be present (e. stroke or brain ab- 
scess). Informed consent was obtained. Pulmonary an- 
giography was performed with standard 6 and 7Fr 
pigtail catheters that were introduced into the right 
femoral vein using the Seldinger technique. The cathe- 
ter was advanced into the left and nght main pulmo- 
nary arteries with selective catheterization of pulmo- 
nary arterial branches with suspected A-V malforma- 
tions. Standard cut film angiography was performed; 
digital subtraction angiography was also performed to 
supplement these angiograms, as necessary. In all pa- 
tients with A-V malformation, size of the feeding vessel 


FIGURE 1. A, apical 4-chamber 
view before contrast injection. 
8, same view after right atrial 
(RA) and ventricular (RV) opaci- 
fication, with microcavitations 
evident in left atrium (LA) and 
ventricle (LV) after delay of 38 
frames. C, same view approxi- 
mately 5 seconds later demon- 
strating 4+ opacification of left 
ventricle. 
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supplying the malformation was measured in millime- 
ters. Malformations with feeding vessels >3 mm were 
embolized using appropriately sized balloons or coils. 
Follow-up contrast echocardiography was obtained ei- 
ther at the site of angiography or within 24 hours after 
embolotherapy in all but 1 patient. 

All values are reported as mean + 1 standard devi- 
ation. Statistical analysis was performed using Stu- 
dente ¢ test for unpaired data. Differences between the 
2 groups were determined to be significant when p val- 
ues were <0.05. 


RESULTS 

There were 14 (9 men and 5 women, mean age 37 
years, range 23 to 58) of 19 patients with suspected 
pulmonary A-V malformation who had positive con- 
trast echocardiograms (Figure 1). No complications 
were observed during or immediately after intravenous 
injections of the saline solution contrast in any patient. 
No significant differences in heart rate (R-R interval 
804 + 145 vs 730 + 156 ms) or relative opacification 
of the left ventricle (2.9 + 1.3 vs 2.8 + 1.2) were noted 
between patients with A-V malformations and those 
with atrial right-to-left shunt. There was a significant 
difference (p <0.001) in number of echocardiographic 
frames to left atrial appearance of microcavitations af- 
ter appearance in the right atrium (66 + 27 frames in 
patients with A-V malformations vs 21 + 7 frames in 
those with right-to-left shunt). In all patients with A-V 
malformations, left atrial microcavitations appeared at 
>35 frames, whereas in those with right-to-left atrial 
shunt they appeared within 30 frames of right atrial 
appearance. 

Table I lists the clinical and laboratory findings in 
the 14 patients with pulmonary A-V malformations. 
Only 1 patient had auscultatory evidence of an A-V 
malformation, with a bruit evident in the lower left 
base. All but 1 patient had telangiectasia and epistaxis. 
A previous neurologic event was documented in 6 of 14 
patients (cerebral abscess in 3, transient ischemic at- 
tack in 1, cerebral vascular accident in | and an episode 
of peripheral numbness in 1). Dyspnea was noted in 6 
patients (4 only on exertion). The chest roentgenogram 
was suggestive in 2 patients and diagnostic in 5 with A- 
V malformations, and 6 of 14 had low partial pressure 
of oxygen in the arterial blood for their age (6 of 7 had 
abnormal chest x-rays). 

Pulmonary angiography was performed in 11 of 14 
patients with positive contrast echocardiography, and 
all had angiographic evidence of A-V malformations. 
Angiography was not performed in 3 patients (1 re- 
fused and 2 had very small right-to-left shunt). A total 
of 23 malformations were detected in 11 patients; 7 had 
multiple and 4 had isolated malformations. The major- 
ity of A-V malformations (61%) were located in the 





TABLE I Clinical (radiologic and echocardiographic) Findings in 
Patients with Pulmonary Atrioventricular Malformations Due to 
Hereditary Hemorrhagic Telangiectasia 


Age 
(yr) Te RR 
& Sex lang. (ms) 


620 
710 
630 
730 
710 
880 
980 
930 
800 
910 
580 
840 
1060 127 


RA-LA LV 
Delay Opac POz2 CXR 


Angio 
{feed vessel in mm) 


LLL (3) 


RUL (3,5); RLL (3) 

? LLL (3); RML (6,4) 
LLL (8) 
LLL (8) 
LLL (8,6); RLL (7,6,2) 
RML (8); LLL (2,5) 
RLL (3) 

? RML(12) 
LLL (5); RML (7) 
RLL (6); R hilum (9); 

L hilum (2) 


+ 
-+ 
d 
db 
4 
4 
A 
A 
+ 
A 
+ 
+ 
+ 
+ 


*Abnormal for patient age. 

Angio = pulmonary angiogram; CXR = chest x-ray; L = left; LA = left atrium; LLL = 
teft flower lobe; LV = left ventricle; NL = normal; Opac = opacification; POz = partial 
pressure of oxygen in arterial blood; R = right; RA = right atrium; RLL = right lower 
lobe; RML = right middie iobe; RUL = right upper lobe; Telang. = telangiectasia; 
? = possible; + = present; O = absent; — = not obtained. 





lower lobes. Patients with 3 to 4+ contrast opacifica- 
tion of the left ventricle (n = 8) had large, isolated or 
multiple A-V malformations, whereas those with 1 to 
2+ opacification (n = 3) had an isolated or small mal- 
formation with a feeding vessel <6 mm. Repeat con- 
trast echocardiography immediately after embolother- 
apy or within 24 hours disclosed a residual right-to-left 
shunt in all patients; in 2 this shunting was so signifi- 
cant that repeat angiography was performed revealing 
an additional malformation not apparent during the ini- 
tial study. These were small, but necessitated embolo- 
therapy. The | patient who did not have follow-up con- 
trast echocardiography had a residual large (12 mm 
feeding vessel) malformation that could not be em- 
bolized. 


DISCUSSION 

Intrapulmonary shunting has been described in pa- 
tients with presumed congenital pulmonary A-V mal- 
formations, and as a consequence of chronic liver dis- 
ease.'~3 However, approximately 50% of pulmonary A- 
V malformations occur in individuals with hereditary 
hemorrhagic telangiectasia (Osler-Weber-Rendu syn- 
drome). 

Contrast M-Mode echocardiography has been used 
to diagnosis pulmonary A-V malformation in children 
and adults.’~!0 However, because 2-dimensional echo- 
cardiography provides spatial orientation of the cardiac 
chambers, we investigated its application in separating 
patients with intraatrial from those with intrapulmo- 
nary shunts. Contrast 2-dimensional echocardiography 
provided accurate detection of pulmonary A-V malfor- 
mation. The appearance of microcavitations in the left 
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atrium after initial appearance in the right heart was 
significantly delayed in patients with A-V malforma- 
tion compared with that in those with right-to-left 
shunt at the atrial level. 

The clinical sequelae of pulmonary A-V malforma- 
tion vary, but the majority of patients experience symp- 
toms. White >t alf have reported epistaxis and dyspnea 
in 79 and 72%, respectively, of 76 patients with A-V 
malformations. Neurologic symptoms including tran- 
sient ischemic attacks, stroke and cerebral abscess were 
evident in 37, 18 and 9%, respectively of these patients. 
In our series, isolated or multiple clinical manifestations 
(epistaxis, neurologic events, dypsnea and abnormal 
chest x-ray) were evident in all but 1 patient, but chest 
x-rays were abnormal in only half the group. There 
were 2 patients without dyspnea, neurologic symptoms 
or abnormal chest x-rays, and 3 additional patients 
with only mid exertional dyspnea, but normal blood 
gases and chest x-rays. Thus, our group of patients il- 
lustrates the value of 2-dimensional contrast echocardi- 
ography for enhancing diagnostic accuracy. 

Pulmonary angiography remains the definitive 
method to locate pulmonary A-V malformation, and 
selective embclotherapy has proved to be an effective 
alternative to surgical resection.*-© The goal of embo- 
lotherapy is tc reduce neurologic complications of A-V 
malformations and to improve hypoxemia. In our series 
all but 3 patients underwent angiography, and embo- 
lotherapy was performed in 17 of 23 detected A-V mal- 
formations res dng in improved arterial oxygenation in 
all cases. Con:rast echocardiography was also used to 
monitor the ef ectiveness of embolotherapy. All patients 
continued to kave 2-dimensional evidence of a trivial 
right-to-left shunt after successful balloon embolization 
suggesting the presence of A-V malformations too 
small for angiegraphic visualization. Importantly, con- 
trast echocardsography was extremely helpful in 2 pa- 
tients with persistent, significant shunts. Repeat angiog- 
raphy revealec previously occult A-V malformations 
needing further embolotherapy. 

Study limitations: Contrast 2-dimensional echocar- 
diography allows separation of intracardiac from intra- 
pulmonary rigkt-to-left shunt, but definitive conclusions 
regarding sensfivity in the diagnosis of A-V malforma- 
tion cannot be made from this investigation, because 
pulmonary angiograms were not obtained in patients 


with hereditary hemorrhagic telangiectasia and nega- 
tive contrast echocardiographic studies. However, it 
was significantly more sensitive than chest radiography. 
Although a trend toward greater opacification of the 
left heart (3 to 4+) was observed in patients with mul- 
tiple or large, isolated A-V malformations (feeding ves- 
sel >5 mm), 2-dimensional echocardiography cannot 
determine whether multiple A-V malformations are 
present, nor can it localize the site of the A-V malfor- 
mation. We carefully reviewed studies to attempt to 
correlate location of the pulmonary veins with the ap- 
pearance of microcavitations in the left atrium, but 
were unable to localize inflow to determine right versus 
left lung or upper versus lower lobes. Recent investiga- 
tions have suggested that gradient echo magnetic reso- 
nance imaging may be another alternative for the de- 
tection of pulmonary A-V malformations.!! However, 
the expense of magnetic resonance imaging still makes 
contrast echocardiography a valuable, readily available 
noninvasive tool. 
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octet Cements POU IG AG a ANNEAL 


Cardiac Myocytes and Dendritic Cells Harbor 
Human Immunodeficiency Virus in Infected 
Patients With and Without Cardiac Dysfunction: 
Detection by Multiplex, Nested, Polymerase 
Chain Reaction in Individually Microdissected 
Cells from Right Ventricular Endomyocardial 
Biopsy Tissue 


E. Rene Rodriguez, MD, Suhail Nasim, MD, Judith Hsia, MD, Ramón L. Sandin, MD, 
Andrea Ferreira, BS, Betty A. Hilliard, BS, Allan M. Ross, MD, and Carleton T. Garrett, MD, PhD 





Two hundred fifteen patients infected with hu- 
man immunodeficiency virus (HIV) participated 
in a prospective longitudinal study of HIV-related 
heart disease. Evaluation included signal-aver- 
aged electrocardiography and echocardiography. 
Fifteen patients underwent endomyocardial biop- 
sy, 5 had cardiovascular symptoms and 10 did 
not. Cardiac myocytes or dendritic cells were 
prepared by individual cell microdissection to 
sort them from other cell types such as intersti- 
tial cells or circulating blood elements. HIV pro- 
viral sequences were amplified in samples of 15 
to 20 celis of each type by multiplex, nested, 
polymerase chain reaction and hybridized to 32P- 
labeled probes specific for regions within the gag 
and pol genes of HIV-1. The results showed the 
presence of HIV sequences in myocytes of 2 of 5 
patients with cardiac symptoms and in 6 of 10 
without. Thus, symptomatic HIV cardiomyopa- 
thy did not appear to be a direct consequence of 
the virus on myocardial cells. In dendritic cells, 
HIV sequences were detected in 5 of 5 patients 
with cardiac symptoms and in 8 of 10 with ap- 
parently normal ventricular function. Further- 
more, dendritic cells were somewhat more nu- 
merous in the myocardium of symptomatic than 
asymptomatic patients. Our studies are the first 
to directly detect the HIV genome in purified car- 
diac myocytes from patients with and without 
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cardiac dysfunction. Our findings do not support 
a direct role of the virus in myocardial dysfunc- 
tion. However, the results do suggest that the in- 
terstitial dendritic cells may be involved in some 
manner in the development of cardiac dysfunc- 
tion observed in HIV-infected patients. 

(Am J Cardiol 1991;:68:1511-—1520) 


ecent evidence indicates that cardiovascular 

disease occurs in approximately 6.5 to 6.8% of 

persons infected with the human immunodefi- 
ciency virus (HIV).! The types of cardiac involvement 
in these patients include infectious (bacterial, fungal, 
protozoal and viral) and neoplastic processes and 
“intrinsic” cardiomyopathic changes.!-? The HIV ge- 
nome has been detected in deoxyribonucleic acid ex- 
tracted from autopsy hearts using deoxyribonucleic acid 
probes.* Other investigators report no detection of HIV 
genome by polymerase chain reaction in autopsy myo- 
cardium. New attempts to find HIV in the human 
myocardium have used in situ hybridization to detect 
the virus in autopsy tissue.” The present prospective 
study was designed (1) to determine whether HIV di- 
rectly infected the cardiac myocytes and the interstitial 
dendritic cells in the heart, and (2) to assess the poten- 
tial role of the virus in the development of myocardial 
dysfunction and failure observed clinically in some 
HIV-infected patients. 


METHODS 

Patient population: From July 1988 to March 1989, 
215 HIV(+) patients were screened to participate in a 
prospective longitudinal study of HIV-associated heart 
disease. Fifteen were enrolled; 10 patients were free of 
cardiovascular symptoms and 5 had cardiovascular 
symptoms (those with cardiovascular symptoms will be 
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FIGURE 1. Immunoperoxidase stain of dendritic cells using 
LN3 primary menocional antibody in right ventricular endo- 
myocardial biopsy tissue. A, cross section of myocardium 
showing 2 scattered (brown) interstitial dendritic cells. B, sim- 
ilar section to A. showing >5 dendritic cells in 1 high-power 
field. Note the “dendritic’”’ prolongations of the cytoplasm in 
the cell near the center left of the picture. C, dendritic cells in 
the loose connective tissue surrounding a small capillary in a 
grazing longitudinal section of the vessel. Inset shows the 
presence of dendritic cells subjacent to the endothelium. D, 
cross section of a dilated venule (postcapillary or Thebesian) 
showing MHC-c-ass ll antigens. These type of cells were not 
considered dendritic cells and therefore were not sampled in 
our study. (A, H C, magnification X 800; D, magnification X 
600.) 
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referred to as “symptomatic” patients to differentiate 
them from all other patients with other noncardiovas- 
cular symptoms) (Table I). The research protocol and 
informed consent forms were approved by the institu- 
tional review board. All patients underwent clinical 
evaluation including history and physical examination. 
Laboratory examination included blood chemistry, 
hemograms, totai CD4 counts, microbiologic examina- 
tion and HIV status determination by enzyme-linked 
immunosorbent assay and Western blot analysis. The 
cardiovascular assessment included electrocardiograms 
with signal averaging,®? echocardiograms, right-sided 
cardiac catheterization and right ventricular endomyo- 
cardial biopsy. 

Endomyocardial biopsies: Right-sided endomyocar- 
dial biopsy specimens were obtained using a Stanford 
bioptome. Three io 4 fragments were used for light mi- 
croscopy, 1 to 2 fragments for ultrastructural examina- 
tion, and 1 to 2 fragments were frozen for molecular 
analysis and immunohistochemical studies. The frag- 
ments designated for nucleic acid analysis were frozen 
in dry ice and kept at —80°C. 

Autopsy myocardial samples: Myocardial samples 
were obtained from 4 HIV(—) and 8 HIV(+) hearts 
during autopsies performed within 6 to 8 hours after 
death, fixed in ethanol, embedded in paraffin and sub- 
jected to the same procedures as previously described, 
except freezing. Studies of the autopsy specimens (in- 
cluding immunostaining, microdissection, amplification, 
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and so forth) were performed to establish: (1) patterns 
of immunoperoxidase staining with each of the mono- 
clonal antibodies, and (2) the minimal amount of cells 
needed to produce consistent results using the polymer- 
ase chain reaction amplification of the deoxyribonucleic 
acid. 

Peripheral blood mononuclear cells: Cell samples 
were available from 8 of the 15 patients who under- 
went biopsy. The cells had been isolated from residual 
samples of heparinized blood obtained at the time of 
the endomyocardial biopsy, and were separated on lym- 
phocyte separation medium (Organon Teknika, West 
Chester, Pennsylvania). 

Cryostat sectioning: Biopsy samples were embed- 
ded in OCT compound, frozen and kept at —20°C. 
Five to 8 m-thick sections were obtained in a cryo- 
stat equipped with disposable blades. New blades and 
brushes were used every time a new case was cut. The 
holders (for blade and tissue) were thoroughly washed 
with a 1:10 dilution of household bleach (Clorox®) for 
5 minutes in double-distilled water for 5 minutes and in 
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RE 2. Microdissection of immunoperoxidase stained L.N3 + interstitial dendritic cells. A, longitudinal section of right ven- 


100% ethanol for 5 minutes between cases. For each 
case, 10 sections were obtained and fixed immediately 
in separate containers with a mixture of acetone-etha- 
nol (1:3), air dried and stored at 4°C until used for 
immunohistochemical staining. Five thick sections (20 
um) from each biopsy sample were saved in separate 
polypropylene tubes to be analyzed in parallel with the 
microdissected cells of the same case. 
immunohistechemistry: The histopathologic and 
immunohistochemical stains were performed using sep- 
arate containers and solutions for each slide of each 
case, thus avoiding potential transfer of deoxyribo- 
nucleic acid between the cases during these procedures. 
Immunoperoxidase staining (Vector) was done with 
monoclonal antibodies against: (1) leukocyte common 





a 
“= 


tricular endomyocardial biopsy showing 2 pericapillary dendritic cells in the interstitium and a longitudinally oriented myocyte 
whose contour has been outlined for better definition of its limits. 8, the myocyte parallel to the 2 dendritic cells in A has been 
carefully removed. Note that neighboring myocytes and interstitial cells are intact in place. A new pipette is being advanced to 


selectively microdissect another myocyte. C, close up of the transferring capillary pipette holding only 1 myocyte. D, close up of 
the deposition of the dissected myocyte at the bottom of a polypropylene 500 o PCR tube. E confirmation of the presence of 5 
to 6 cardiac myocytes at the bottom of the reaction tube. (A, B, magnification X 800; C, magnification xX 1200; D, magnification 
x 200; E, magnification <x 500.) 
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TABLE il Sequences of Primers and Probes 


ATCAAGCAGC 
CGGCTCTTAG 
ATAATCCACC 
TTTGGTCCTT 
ATCCTGGGAT 


GGACATAAAG 
CCTACATACA 
CTGTCAACAT 
TAACTTTTGG 
CACTTTAAAT 


GGAGGCTTTA 
TATCAGTCAG 
CCAGTCACTG 
TCAGACTATG 
TATGTGCCAC 


CATGCAAAT 

AGTTTTATAG 
TATCCCAGTA 
GTCTTATGTC 
TAAATAAAAT 


CTATAGGTAC 
AATCATCCAT 
AATTGGAAGA 
GCCATCCATT 
TTTCCCATTA 


CTCTGGGATA 
TGAGGTACAT 
GGCACACATG 
CAGGCTTGTC 
AGGAGTTCCT 


Annealing Site 
of the 5’ 

End of the 
Primer. 


GenBank Accession No. KO2007 


AACCGG 
GGAGAAAT 
CAGAATGC 


AGTAAGAATG TATAGCCCTA C 


AGGGGG 
ACCC 
TGCA 

C 
AGGGGAA 


*Probe. 
+ (18) ++ (14) 


antigen for 2ranulocytes and lymphocytes (DAKO); 
(2) factor VIII for endothelial cells (DAKO); and (3) 
LN3 for magor histocompatibility class II antigens in 
Langerhans or dendritic cells, or both (Clonab-Biotest, 
Dreieich, West Germany). All sections were counter- 
stained with hematoxylin. 

Microdissection: Myocytes and interstitial and peri- 
vascular cells bearing major histocompatibility class II 
antigen (putetively dendritic cells) were selectively ob- 
tained from glass slide-mounted cryostat sections from 
each of the 15 endomyocardial biopsy specimens (Fig- 
ure 1). Cells bearing class II antigens located in the 
intimal (endozhelial) surface of venules were not includ- 
ed. Individua! cells were microdissected with a set of 
Narishige hydraulic and mechanical micromanipula- 
tors and micr>injectors coupled to a Nikon inverted mi- 
croscope equipped with Hoffman modulation contrast 
(Figure 2). Emphasis was placed on obtaining a myo- 
cyte or dendritic cell or cell fragment containing the 
nucleus, excluding any adjacent endothelial or smooth 
muscle cells cr remnants of these cells. Myocytes were 
identified by iheir sarcomeres, and 15 to 20 were re- 
moved individually and transferred to a 0.5 ml polypro- 
pylene tube umder direct microscopic observation to ver- 
ify the presence of the microdissected cells inside and at 
the bottom of the tube (Figure 2). Subsequently, after 
changing glas: micropipets and thoroughly washing the 
tubing system as described next, 15 to 20 dendritic cells 
marked by the LN3 antibody were removed and trans- 





ferred in the same fashion to a separate tube; later, 
after another wash and micropipet change, periarterio- 
lar dendritic cells were microdissected and kept in sepa- 
rate tubes. Disposable glass microptpettes were manu- 
factured with a Narishige pipet puller and exchanged 
between cases and also for each type of cell (De. myo- 
cyte or dendritic cell) microdissected within a case. 
The pipet holders and Teflon® tubing were thoroughly 
washed by flushing the system with 50 ml of 1:10 dilu- 
tion of clorox, followed by flushing with 50 ml of high- 
pressure liquid chromatography-grade water every time 
a new type of cell was microdissected and also every 
time a different case was worked on. 

Deoxyribonucleic acid extraction and quantitation: 
Extraction and quantitation were performed in the usu- 
al manner! from peripheral blood mononuclear cells, 
lymph nodes and placenta. Extraction from the thick 
tissue sections and from the microdissected cells was 
achieved by adding 75 uL of the polymerase chain re- 
action buffer to the tubes and subsequently boiling for 
15 minutes. 

Amplification of proviral deoxyribonucleic acid: All 
the experiments described next were reproduced 3 
times in our laboratory. Extensive precautions to pre- 
vent contamination with amplified products were taken. 
The reagent and sample preparation was performed 
in separate physical facilities with environmental class 
II hoods. The ultraviolet light was turned on at 
all times other than the time of use of the hood by 
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the researcher. Specifically designated sets of instru- 
ments including positive displacement Microman pipet- 
tors (Rainin, Massachusetts) and pipet tips were use at 
every step of reagent preparation. Furthermore, the re- 
searcher performing these tasks always wore disposable 
sterile gloves, apron, Tyvek sleeves, surgical hood and 
mask. The reagents were purchased from different 
sources as follows: (1) recombinant Thermus aquati- 
cus polymerase (Ampli-Taq) from Perkin-Elmer-Ce- 
tus; (2) deoxynucleotide triphosphates, calf intesti- 
nal alkaline phosphatase and T4 polynucleotide kinase 
from LKB-Pharmacia; (3) 32P was purchased from 
New England Nuclear: (4) other chemicals were ob- 
tained from Sigma, St. Louis. All solutions were made 
using high-pressure liquid chromatography grade 
water. 

The polymerase chain reaction in its nested!! multi- 
plex! version was used to amplify a target sequence 
simultaneously within the gag region (coding for the 
p24 antigen)!? of the integrated HIV proviral genome 


vpr [ U rev 


[vif] [tat] Ovpu 


S 
791-2299 


(GenBank Accession no. K02007)!3 and a fragment of 
exon 1 of the human cardiac myosin heavy chain 
gene!4 (GenBank Accession nos. M25133 and J04535) 
in the cells obtained from the endomyocardial biopsy 
specimens. The fragment of the myosin gene was co- 
amplified and used as an internal control to demon- 
strate the presence of human genomic sequences in the 
reaction tubes, thus indicating the presence of microdis- 
sected cells. In addition, another region within the pol 
gene,!> HIV-1 genome, was amplified in all the sam- 
ples after completion of the gag-myosin co-amplifica- 
tion experiments. The amplification buffer composition 
was: tris-hydroxymethyl-aminomethane hydrochloride 
67 mM, magnesium chloride 6.7 mM, ammonium sul- 
fate 16.6 mM, mercaptoethanol 10 mM, ethylene dia- 
minetetraacetic acid 6.7 uM, bovine serum albumin 
100 ug/ml, pH 8.8 0.5% Nonident P-40® and 0.5% of 
Tween 20® (Sigma). The primer concentration for 
HIV was 25 pM, and for myosin 75 pM. The deoxynu- 
cleotide triphosphates were used at 1.5 mM and the 


tat 1 


env itr 


nef 





HIV 1- Primers and probes for the glycoprotein ‘gag’ gene. 
GenBank Accession K02007 


FIGURE 3. Diagrammatic representation of the arrangement of the genes within the 9,737 base long sequence of the San Fran- 
cisco isolate of human immunodeficiency virus (HIV-1) (Genbank Accession no. KO02007). The lower part of the figure repre- 
sents the area within the “gag” gene used as the target of amplification through the nested procedure. Primers SK100 and R 
105 fiank the 339 base pair amplified fragment produced by the first (outer) nest of amplification. The 4 digit numbers repre- 
sent the exact position of the Si end of each primer. An aliquot of the PCR mixture containing this 339 base pair amplified prod- 
uct becomes, in turn, the target flanked by primers SK 38 and SK 39, thus amplifying a 115 base pair product, which is in turn 


hybridized to the 3“P-labeled probe SK 19 
chain in the microdissected cells and the “pol” gene of HIV. 


probe. The same strategy was used to co-amplify exon 1 of the cardiac myosin heavy 
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AmpliTaq et 3 U per sample tube. The sequences of 
primers and probes used in these experiments are listed 
in Table II. The primers and probes were synthesized in 
a Milligen-Biosearch Cyclone oligo-nucleotide synthe- 
sizer (Bedford, Massachusetts). The sequences were ex- 
amined for Fomology with other human, viral or bacte- 
rial sequences in Release 65 of the GenBank computer- 
ized database (IntelliGenetics, Inc., Mountain View, 
California) tsing the Pustell sequence analysis program 
version 2.02. (International Biotechnologies, New Ha- 
ven Connect-cut) to avoid primer dimer or concatemer 
artifacts. 

Nested polymerase chain reaction was used to en- 
hance the stsength of the HIV and myosin signals ob- 
tained from the low numbers of cells. This approach 
uses 1 primer pair (outer nest) to amplify a target se- 
quence of the desired gene present in minute amounts 
(Table II and Figure 3), Once amplified, 5 uL of the 
first product were transferred to a new tube containing 
a second primer pair internal to the first or outer prim- 
er pair and amplified again, thus yielding a very strong 
signal. The e-fictency of amplification of the inner nest 
is increased tecause the number of “target” molecules 
at the beginning of the reaction is more numerous and 
shorter in lenzth (only a few hundred bases long), thus 
allowing for more efficient denaturation and accessibili- 
ty of the primers to their target sites of complementari- 
ty for anneal.ng and subsequent extension. For added 
specificity a ®P-labeled probe internal to the inner nest 
was used to dstect the HIV (gag and pol) and the myo- 
sin target sequences. 

The ampl-fication was performed in a thermal cy- 
cler (Perkin-Elmer). The deoxyribonucleic acid content 
of all the control samples and the peripheral blood mo- 
nonuclear celb was standardized to use 0.1 ug per tube. 
To ensure ouz ability to detect product from the small 
number of ceils microdissected, experiments were per- 
formed to amplify serial 10-fold dilutions of pooled de- 
oxyribonucleic acid extracted from lymph node biopsy 
specimens frem HIV(+) patients with acquired im- 
mune deficiency syndrome. Positive signals for co-am- 
plification of myosin and gag of HIV were obtained 
from as little as 10 pg of deoxyribonucleic acid inocu- 
lum amplified through the nested procedure. The con- 
trols consisted of reaction buffer plus: (1) primers, 
without any other deoxyribonucleic acid inoculum; (2) 
human HIV(—) genomic deoxyribonucleic acid; (3) de- 
oxyribonucleic acid from human ventricular myocardi- 
um obtained zt autopsy from HIV(—) patients; (4) de- 
oxyribonucleic acid from human ventricular myocardi- 
um of HIV(+) patients obtained at autopsy; and (5) 
pooled lymph rode deoxyribonucleic acid from 5 differ- 
ent HIV(+) patients. The amplification cycle for the 
outer nest was repeated 50 times for microdissected 
cells and 30 times for the control and peripheral blood 
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mononuclear cells as follows: 1-minute, 15-second de- 
naturation at 95°C; 2-minute annealing at 52°C, and 
extension of 3 minutes at 72°C. The amplification cycle 


for the inner nest was repeated 50 times for microdis- - 


sected cells and 20 times for the control and peripheral 
blood mononuclear cells. The parameters were the 
same except for an extension of 2 minutes at 72°C. 

Southern hybridization: The amplified deoxyribonu- 
cleic acid product underwent electrophoresis in 3% Nu- 
Sieve and 0.8% SeaKem agarose gels (FMC, Rock- 
land, Maine) at 100 V for 4 hours. The gels were 
stained in a 1 ug/ml ethidium bromide solution and 
photographed under ultraviolet light, and then dena- 
tured in sodium hydroxide 0.4 N, sodium chloride 0.5 
M for 30 minutes. Subsequently the deoxyribonucleic 
acid was transferred to a nylon membrane (Oncor, 
Gaithersburg) using the Southern method.!° The acid 
product was then baked in a vacuum oven at 80°C for 
l hour before hybridization, and then hybridized with 
10 ug of 32P-end-labeled probe for 48 hours using 10 
ug /50 ml of 34P end-labeled probe according to con- 
ventional methods.!° Autoradiograms were obtained at 
48 to 72 hours. 


RESULTS 

Patients: The patient population comprised a total 
of 15 persons (Table I). Their ages ranged from 28 to 
52 years (mean 38.6). Eleven patients were black and 4 
were white. Ten had acquired immune deficiency syn- 
drome and 5 did not. The patients were homosexual, 
bisexual or transsexual. One patient was also an intra- 
venous drug abuser. Six patients were receiving azi- 
dothymidine prophylactic therapy; in 6 other patients it 
had been discontinued and 3 patients never received the 
drug. Five patients had evidence of cardiovascular dis- 
ease at the time of enrollment. The clinical cardiovas- 
cular findings consisted of right ventricular failure, peri- 
cardial effusion, diffuse T-wave inversion, right bundle 
branch block or delayed potentials on the signal-aver- 
aged electrocardiogram. The echocardiogram showed 
global hypokinesia and left ventricular diastolic pres- 
sure increased in 4 patients. Right atrium and ventricle 
were markedly dilated in the fifth patient. One had 
concomitant pericardial effusion. 

Light microscopic examination of all biopsy speci- 
mens was normal, without evidence of myocarditis. Ul- 
trastructurally, 2 subjects had interferon-associated in- 
clusions in the endothelial cells and 1 also showed these 
inclusions in macrophages. Both of these patients had 
cardiovascular symptoms. Viral particles or their pre- 
cursors were never seen either in myocytes or in other 
cells present in the heart biopsy tissue. Immunohisto- 
chemical analysis also failed to demonstrate inflamma- 
tory cells. The use of the LN3 antibody directed to 
class IT molecules revealed that interstitial cells bearing 
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TABLE WU Dendritic Cell Score and Southern Blot Hybridization Results 
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DC = dendritic cells; DC+A = periartariolar dendritic cells; MyHC = myosin heavy chain; MYO = myocytes; PBMC = peripheral blood mononuclear cells; S = symptomatic; TIS = 20 


am thick whole tissue sections; + = dositive; D = negative; ~ = not avaliable. 


these antigens were present in the myocardium of HIV- 
infected patients. These cells were present around capil- 
laries and larger vessels including arterioles and ven- 
ules, being more conspicuous around the venules. These 
cells were also present in autopsy hearts with the same 
pattern. The LN3 antibody also stained class II mole- 
cules on the surface and cytoplasm of the venular endo- 
thelial cells. However, these latter cells were clearly dis- 
tinguishable from interstitial dendritic cells by their lo- 
cation on the luminal surface of the venules and by the 
presence of reactivity for factor VIII-associated antigen 
as demonstrated by immunohistochemical staining in 
adjacent sections. | 

Detection of human immunodeficiency virus 1 gag 
and pol gene sequences in myocardial cells from autop- 
sy tissue, peripheral blood mononuclear cells and en- 
domyocardial biopsy tissue: Initial studies were per- 
formed on autopsy material to establish (1) the mini- 
mal number of cells needed to obtain amplification, and 
(2) the parameters to be used in such amplification. 
The results of the polymerase chain reaction were con- 
sidered positive for the presence of HIV only if the fol- 
lowing 3 criteria were met: (1) Reagent controls that 
contained no deoxyribenucleic acid template were neg- 
ative for both myosin and HIV target sequences (Fig- 
ure 4, column 1). (2) Control samples containing de- 
oxyribonucleic acid known to be negative for HIV 
showed amplification of the cardiac myosin sequence 
but no evidence of HIV product formation (Figure 4, 
column 2). (3) The HIV(+) control samples showed 
co-amplification of the myosin sequence as well of am- 
plification of the HIV target sequence (Figure 4, col- 
umn 4). . 

All samples of autopsy heart tissue from HIV(—) 
patients (n = 14) were positive for myosin and nega- 








tive for HIV (Table III). All autopsy samples from 
HIV(+) (n = 11) were positive for myosin and HIV 
(data not shown). All the samples of peripheral blood 
mononuclear cells from 8 of the patients enrolled in the 
protocol were positive for amplification of the myosin, 
gag and pol genes. All the thick biopsy tissue sections 
were positive for myosin. Likewise, HIV and gag se- 
quences were detected in all thick section samples (Ta- 
ble III, Figure 4) and HIV pol sequences were present 
in (of 15 patients (Table III; Southern hybridization 
for pol not shown). Cells microdissected fram endo- 
myocardial biopsy tissue showed the presence of the 
marker myosin gene in every 1 of the samples (myo- 
cytes and dendritic cells). This demonstrated that the 
polymerase chain reaction as performed in these studies 
was sufficiently sensitive to detect target sequences in 
as few as 15 to 20 cells. The positive signal for myosin 
also showed that the treatments associated with the im- 
munoperoxidase-staining procedure (peroxidase treat- 
ment, and so forth) did not degrade the deoxyribonu- 
cleic acid to a point that it was no longer useful for 
polymerase chain reaction. 

The presence of HIV-1 proviral genomic sequences 
within the myocytes did not discriminate between 
symptomatic and asymptomatic patients. Six of 10 (5 
of 10 for gag and 2 of 10 for pol) asymptomatic pa- 
tients had HIV present in myocardial cells (Table IU), 
whereas only 2 of 5 symptomatic patients (1 of 5 for 
gag and 2 of 5 for pol) had HIV sequences in myocytes 
(Table UI) 

In addition to myocytes, we examined purified inter- 
stitial dendritic cells for the presence of HIV. Before 
microdissecting the dendritic cells, we quantitated them 
according to the following scoring system: The number 
of cells per 5 high-power fields was counted and then 
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translated sto a predefined score as follows: score of 
1 =1 to 5 cells; 2 = 5 to 10 cells; 3 = 15 to 20 cells; 
and 4 = >25 cells (Figure 1). The average score of in- 
terstitial dendritic cells for the group of 15 patients was 
1.7 (Table UU) However, in the asymptomatic patients 
it was 1.6£ compared with 2.2 in the symptomatic 
patients. A.ralysis of the amplification results in the 
asymptome ic patients showed that the dendritic cells 
were positiv2 by for gag in 8 of 10 and for pol in only 5 
of 10 patie tts (Figure 4). Among the symptomatic pa- 
tients the œndritic cells showed HIV gag sequences in 
5 of 5, and 20] sequences in 3 of 5 patients (Table III). 


DISCUSSION 

Demongration of HIV in the cardiac myocytes of 
HIV-infected patients has been elusive. Recent studies 
of HIV-related heart disease by in situ hybridization 
showed sparse signals, involving only 1 or a few cells 
per section: precise identification of the nature of the 
target cells was sometimes difficult, with the possible 
source of tke signals being lymphocytes, macrophages® 
or even enccthelial cells.” 

In the present study, the presence or absence of car- 
diac dysfunecion in 5 symptomatic and 10 asymptomat- 
ic HIV-infected patients did not correlate with CD4 
counts, azidcthymidine therapy, or full-blown acquired 
immune defiziency syndrome. Moreover, none of these 
patients shoed any evidence of myocarditis as defined 
in the Dalles criteria.'° 

We invexigated the presence of HIV within myo- 
cytes or car—iac interstitial cells by means of the poly- 
merase cham reaction. A potential drawback of this 


technique is that the amplified target sequence can con- 
taminate laboratory facilities, instruments, reagents, 
and so on, leading to production of false-positive re- 
sults.!"? We took extensive precautions to avoid con- ` 
tamination and found no contamination of our re- 
agents. Co-amplification of HIV and myosin genes 
proved that there were no inhibitors of the reaction and 
verified that deoxyribonucleic acid from the microdis- 
sected cells was present in the individual sample. The 
use of a ?*P-labeled probe internal to primer sites fur- 
ther increased specificity in identifying the target se- 
quence. We did not attempt to quantify the proviral 
load. This could be particularly misleading because 
myocytes can be binucleate, tetraploid or even polyploid 
in different circumstances of cardiac overload, thus ren- 
dering normalization to copy number per cell quite am- 
biguous. Furthermore, differences in the kinetics of co- 
amplification for the different combinations of primers 
used in our experiments preclude arriving at quantita- 
tive results. 

The finding that the thick biopsy tissue sections 
were all positive for myosin and at least | of the HIV 
genes examined demonstrated that the provirus was 
definitely present in the heart biopsy specimen of every 
patient studied (Table III). The use of 2 separate target 
regions of HIV for amplification provided us with cer- 
tainty of the detection of HIV, and avoided possible 
false-negative results due to mutations in the HIV ge- 
nome (which occur at high rate). The absence of a sig- 
nal for “pol” in cases 3 and 5 (Table IJI) in the whole 
tissue and in the microdissected cells was interpreted to 
be the result of a mutation in the target region of the 





FIGURE 4. Representative findings of multiplex PCR to detect myosin heavy chain gene and human immunodeficiency virus 
(HIV)+ in endcrmyocardial biopsy specimens. Control samples: 1 = buffer control with no signals for myosin heavy chain or HIV; 
2 = HIV negatie control showing a positive signal for myosin heavy chain (160 bp); 3 = HIV + sample amplified with HIV (gag) 
primers only skowing a positive signal for HIV; 4 = deoxyribonucleic acid pooled from lymph nodes from HIV + patients (10 pg 
inoculated in ti PCR tube) showing signals both for myosin heavy chain and HIV; 5 = thick (20 m) section of a biopsy tissue 
sample from a patient with cardiac symptoms showing both signals. Microdissected cells: 6 = myocytes showing a signal posi- 
tive for myosin 7teavy chain only; 7 = myocytes showing myosin heavy chain and HIV signals; 8 = dendritic cell showing a posi- ` ` 
tive signal for s-yosin heavy chain only; 9 = dendritic cells showing signals for myosin heavy chain and HIV; Size marker (restric- 
tion fragments af phage X 174 digested with Haelll restriction endonuclease). bp = base pair length of the amplified fragment. 
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pol gene. No attempt was made in our experiments to 
design new primers to overcome this problem. 

The use of microdissection provided the accuracy 
and the selectivity necessary to study cardiac myocytes 
and interstitial dendritic cells. The transfer of a cyto- 
plasmic or nuclear component from cells other than 
myocytes into the myocytes during the process of 
sectioning is a very remote possibility that we consid- 
ered in our experimental design, as described in the 
methods. The only situation in which deoxyribonucleic 
acid transfer may theoretically occur is during the actu- 
al slicing of the frozen section by the new microtome 
blade. This possibility is minimized by the fact that the 
tissue is frozen solid at —20°C and the microtome 
blade is at the same temperature, therefore avoiding 
any “micro-melting” of cellular components into the 
blade and the subsequent transfer. Besides, the cyto- 
plasmic and nuclear matrices of the cells are bound in 
the frozen state and structural proteins, nuclear pro- 
teins are in fact sectioned through and not smeared. 
Thus, in the experimental design of our study, we had 
to assume that there was no carryover of deoxyribonu- 
cleic acid from cell to cell in the process of cutting fro- 
zen sections. Furthermore, the consistency of the posi- 
tive or negative results of amplification for the negative 
(reaction mixture) and positive controls, and each case 
and cell type during the repetition of the experiments in 
the tissue sections and in the microdissected cells, low- 
ers the likelihood of random, artifactual amplification 
signals being produced. 

Thus, our studies demonstrate that (1) cardiac myo- 
cytes can be and are infected by HIV in patients, (2) 
the frequency of detection of infected myocytes is simi- 
lar for both symptomatic and asymptomatic patients, 
(3) a direct lethal effect by the infecting virus on the 
myocytes is unlikely to be the cause of HIV associated 
myocardial failure, (4) dendritic cells are increased in 
number in the heat of HIV-infected patients, and (5) 
dendritic cells harbor HIV more often than the myo- 
cytes. 

The mechanism by which HIV infects the cardiac 
myocytes remains elusive. Evidence shows that HIV 
can enter rhabdomyosarcoma!’ and other cells that 
do not bear CD4 molecules.!® In humans, dendritic 
cells!?2° are present in the heart, and become promi- 
nent in transplanted hearts?! and in myocarditis.22 The 
theoretical mechanism by which these cells may play a 
role in cardiac dysfunction may involve cytokines such 
as tumor necrosis factor.*?-2 In animals, this cytokine 
inhibits myocyte contractility in response to @-adrener- 
gic stimulation?’ by altering G protein function,?7-2° 
and in turn interfering with signal transduction across 
the sarcolemma. In clinical settings, tumor necrosis fac- 


tor may be a an important mediator of heart failure in 
septic shock? and possibly “cardiomyopathy.” Fur- 
ther research in these aspects may elucidate the exact 
mechanisms that mediate myocardial contractility dys- 
function in HIV infection. 
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EDITORIALS 


Moricizine (Ethmozine HCI) — A New 
Antiarrhythmic Drug: Is It Unique? 


Philip J. Podrid, MD 


moricizine (ethmozine hydrochloride), which is 

in some ways a unique agent. It was first syn- 
thesized in the U.S.S.R. and was used there for many 
years before its introduction to the U.S. where it has 
been investigated since 1977. It is a phenothiazine de- 
rivative, but is devoid of many of the adverse effects 
ascribed to this class of drugs. Whereas most of the 
available data involve its use for ventricular arrhythmia, 
the drug has electrophysiologic properties suggesting a 
role in supraventricular arrhythmias, although data are 
as yet limited. 

Electrophysiologic effects: Moricizine is a class 1 
antiarrhythmic agent, its major effect being a concen- 
tration-related blockade of the sodium channel and in- 
hibition of sodium ion currents! (Table I). The reduc- 
tion in the maximal upstroke velocity (Vmax) of phase 
0 of the action potential results in a reduction in the 
velocity of impulse conduction throughout tissue that 
generates a fast sodium-initiated action potential, i.e., 
atrial and ventricular myocardium and the His-Purkin- 
je system. Similar to other antiarrhythmic drugs, mori- 
cizine demonstrates the property of use dependency 
(De, its electrophysiologic actions are more pronounced 
at higher frequencies of stimulation).? These electro- 
physiologic effects resemble those produced by class 1C 
antiarrhythmic agents. However, similar to the class 1B 
agents, the drug increases the rate of membrane repo- 
larization, shortening the action potential duration as a 
result of a shortening of phases 2 and 3.! 

Moricizine alters the membrane threshold potential, 
making it less negative, thereby increasing the ampli- 
tude of current necessary to depolarize the cell and re- 
ducing membrane excitability. As a result of the short- 
ening of phases 2 and 3, moricizine depresses early de- 
layed afterpotentials, a form of trigger automaticity. ! 
Although moricizine does not alter the slope or rate of 
phase 4 depolarization, it does reduce the spontaneous 
automaticity of Purkinje fibers, especially during isch- 
emia or in the presence of hypokalemia, as a result of 


T he latest antiarrhythmic agent to be approved is 
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the shift in threshold potential to a less negative level, 
increasing the duration of time before threshold 1s 
reached and an action potential generated.* Late or de- 
layed afterpotentials, another form of triggered activity 
which results from catecholamines, ischemia or an 
acute myocardial infarction or with digitalis toxicity, 
are depressed by moricizine.° 

These electrophysiologic data suggest that morici- 
zine may be effective against arrhythmias regardless of 
their mechanism, Le, reentry, enhanced automaticity, 
or triggered automaticity due to early or late delayed 
afterpotentials. Studies in the intact animal have con- 
firmed that moricizine is effective against ventricular 
arrhythmias resulting from a myocardial infarction, 
epinephrine and aconitine, but it is not effective against 
strophanthidin.! Whereas the electrophysiologic effects 
of moricizine have been evaluated primarily in ventricu- 
lar tissue, the drug also has antiarrhythmic actions on 
atrial tissue that resemble those in the ventricular myo- 
cardium.! However, this has not been sufficiently stud- 
ied. 

In the clinical electrophysiology laboratory, oral 
moricizine significantly shortens the sinus cycle length, 
but has no significant effect on sinus node recovery 
time or sinoatrial conduction time.® The drug does not 
effect the refractory periods of the atrial and ventricu- 
lar myocardium, His-Purkinje system or atrioventricu- 
lar node, and there is no change in the atrial cycle 
length at which nodal Wenckebach develops; however, 
it does slow the velocity of impulse conduction through 
these structures. As a result, the AH and HV intervals 
are significantly prolonged.® 

On the surface electrocardiogram, the PR and QRS 
intervals are prolonged, reflecting the drug’s membrane 
electrophysiologic effects. The JT interval, or repolari- 
zation time, is not altered or may be insignificantly 
shortened. 

Pharmacology: Moricizine is available for oral use 
and the recommended doses are 200 to 400 mg admin- 
istered orally 3 times daily based on dose-ranging stud- 
ies’ (Table II). The peak plasma level of the drug is 
achieved 1% hours after oral administration. Although 
rapidly and completely absorbed, the systemic bioavail- 
ability of mortcizine is only 38%, a result of its substan- 
tial and rapid first-past clearance by the liver. The 
clearance of the drug follows 2 compartment pharma- 
cokinetics. There is a rapid distribution phase, with a 
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TABLE I Electrophysiologic Effects of Moricizine 


Cellular 






Sodium chant el blockade—rate of depolarization and impulse con- 
duction velecity decreased (class 1C activity) 

Rate of repola-ization, increased action potential duration shortened 
(class 1B activity) 

Membrane theshold potential less negative—reduced membrane 
excitability and automaticity 

Early and late afterpotentials depressed 


Clinical 


Shortens sinus: cycle length 

Prolongs AH irterval—PR prolongation 

Prolongs HV irtervai—QRS widening 

No change in efractory periods of atrium, ventricle, AV node or His 
Purkinje sysem 

Siows anterogaade and retrograde conduction of accessory pathway 





















AV = atrioventricular. 


drug half-life of 4 to 20 minutes, whereas the half-life 
resulting from the terminal elimination phase is longer, 
usually 2 to & hours but as long as 13 hours in patients 
with significamt heart disease. About 95% of the drug is 
bound to plasma proteins, involving both albumin and 
a-l-acid glycoprotein. The volume of distribution of 
moricizine is 300 liters, suggesting that there is exten- 
sive peripheral tissue binding. 

Hepatic metabolism of moricizine is almost com- 
plete and mary metabolites have been identified. Most 
appear to be devoid of antiarrhythmic activity, al- 
though 2, moricizine sulfoxide and phenothiazine-2- 
carbon acid ethyl ester sulfoxide, have some antiar- 
rhythmic activity, but this is well established. The pres- 
ence of congestive heart failure does not appear to alter 
the pharmaco<inetic properties of moricizine, but asso- 
ciated hepatic dysfunction may affect drug metabolism 
and its halt Je, 

Drug interaction: Only a few interactions have been 
reported. There are no changes in the kinetics of warfa- 
rin or the prothrombin time when moricizine is admin- 
istered.? Cimetidine, which inhibits hepatic oxidative 
enzymes, reduces the clearance of moricizine by up to 
48%,'° but this is not clinically significant. There are no 
significant interactions with digoxin or propranolol. 

An interesting interaction with theophylline has 
been observed. As a result of a moricizine-induced in- 
crease in hepatic metabolism, the rate of theophylline 
clearance is increased and its half-life shortened. This 
may have clincally important effects in patients with 
asthma. 

Hemodynamic effects: In the in vivo dog heart, 
moricizine has no effect on heart rate or blood pressure; 
vasomotor responses to norepinephrine, acetylcholine, 
histamine and angiotensin are not altered by the drug. 
Myocardial coatractility of the dog heart and left ven- 
tricular hemodynamic parameters are not altered. 


TABLE ff Pharmacology of Moricizine 










Dose 200—400 mg 3 times daily (oral) 
Absorption Rapid and complete 

Peak levels 1¥% hours 

Bioavailability 38% 





2—60 hours (normal subjects) 
6—13 hours (heart disease) 
95% 

Hepatic (first-pass effect) 
Multiple metabolites 

(? activity) 

Cimetidine 

Theophylline 


? = unknown. 


The clinical experience with moricizine in humans 
confirms its lack of significant effects on left ventricular 
contractility. There is no change in global right or left 
ejection fractions during therapy when evaluated with 
2-dimensional echocardiography or radionuclide ven- 
triculography, even in the subset of patients with a re- 
duced left ventricular ejection fraction.!! When exercise 
testing is used as a measure of left ventricular function, 
moricizine produces no change in exercise duration, 
resting or peak heart rate or resting and peak blood 
pressure.!! With use of invasive hemodynamic mea- 
surements in patients at rest as well as during supine 
bicycle exercise, the drug does not alter mean pulmo- 
nary artery pressure, pulmonary capillary wedge pres- 
sure, cardiac index, stroke volume index, left ventricu- 
lar stroke work index or systemic vascular resistance. 

Clinical trials: Moricizine has been well studied in 
patients with a wide range of ventricular arrhythmia. 
Initial clinical trials involved patients with little or no 
heart disease who had frequent ventricular premature 
complexes (VPCs) and moricizine was reported to be 
very effective, significantly reducing VPC frequency, 
including repetitive forms, i.e., couplets and runs of 
nonsustained ventricular tachycardia (VT).!#}9 

In a trial of 88 patients, moricizine therapy was ad- 
ministered for >1 year.'4 There was a >70% reduction 
of VPCs in 60% of patients during the entire follow- 
up period. In the Cardiac Arrhythmia Pilot Study 
(CAPS) involving 98 patients with a recent myocardial 
infarction, 66% of patients responded to doses of 600 to 
750 mg/day.!> After a 1-year follow-up, 65 patients 
continued to take moricizine with continued arrhythmia 
suppression. Moricizine is currently the only agent be- 
ing used in the Cardiac Arrhythmia Suppression Trial 
(CAST)-II as the other agents, encainide and flecai- 
nide, were withdrawn because their use resulted in in- 
creased sudden death.'® Unfortunately, long-term data 
regarding efficacy and outcome with moricizine are not 
yet available.!? 

In a number of trials involving patients with fre- 
quent VPCs, moricizine has been compared with other 


Elimination half-tife 






Protein binding 
Metabolism 








Drug interactions 







4522 THE AMCRICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 1, 1991 





antiarrhythmic drugs. In a double-blind, placebo-con- 
trolled comparative trial involving moricizine and pro- 
pranolol, 20 patients were initially randomized to 1 
week of therapy with moricizine (600 to 900 mg/day), 
moricizine plus propranolol, or propranolol alone (120 
mg/day). Efficacy, defined as a >75% reduction in ar- 
rhythmia, was achieved in 70% of patients in whom 
VPCs were reduced 86% during ethmozine therapy. 
Only 10% of patients responded to propranolol and the 
reduction in VPCs was 41% (p <0.05). Of the 14 pa- 
tients who had runs of nonsustained VT, 79% had abo- 
lition of these forms during moricizine therapy while 
taking propranolol (response rate was 50%) (p = not 
significant). In a comparative trial, 29 patients, in ran- 
dom fashion, received 10 days of therapy with morici- 
zine and disopyramide. With moricizine therapy, 52% 
of patients responded and there was a 90% reduction in 
VPCs compared with a 31% response rate and 65% 
reduction in VPCs (p <0.05) with disopyramide. There 
was no significant difference in the reduction of cou- 
plets or runs of nonsustained VT. 

In a third study involving 21 patients, moricizine 
(600 to 1,200 mg/day), quinidine (1,200 to 1,600 
mg/day) or placebo were administered for 2 weeks. 
The response rate to the 2 agents (67% moricizine and 
71% quinidine) was similar as was the mean reduction 
in VPCs (95%) and nonsustained VI (90%). The 
CAPS provided data permitting a comparison of mori- 
cizine (600 to 900 mg/day) with encainide (105 to 180 
mg/day) and flecainide (200 to 400 mg/day).!> The 
response rate to these 3 agents was 66, 79 and 83%, 
respectively. 

Moricizine has also been evaluated in patients with 
a history of a serious sustained ventricular tachyar- 
rhythmia. In a group of 82 patients with a history of 
ventricular fibrillation, sustained VI or symptomatic 
nonsustained VT, who had a high density or spontane- 
ous ventricular arrhythmia, the antiarrhythmic effect of 
moricizine was evaluated with ambulatory monitoring 
and exercise testing.!? Criteria for efficacy were total 
elimination of runs of nonsustained VT, >90% reduc- 
tion in couplets and >50% decrease in VPC frequency 
using both methods of evaluation. Overall, 40% of pa- 
tients responded to the drug. Response rate was related 
to the nature of the presenting arrhythmia and was 
62% in those with nonsustained VT, 33% in patients 
with ventricular fibrillation and 19% in patients with 
sustained VT, Additionally, the drug was more effec- 
tive and the response rate higher among patients with 
better left ventricular function. When left ventricular 
ejection fraction was >40%, 35% of patients responded 
compared with an 18% response rate among patients 
with an ejection fraction <40%. From the U.S. data 
base involving 263 patients with a serious ventricu- 





lar arrhythmia refractory to previous antiarrhythmic 
drugs, 48% were judged to have responded to the drug; 
as previously noted, the response rate was greater in 
patients with nonsustained VT (61%) than in those 
with a sustained tachyarrhythmia (42%).!? 

Similar to other drugs, moricizine is less effective 
when evaluated by electrophysiologic techniques. An 
early study involving 47 patients reported that suppres- 
sion of VT induction was achieved during moricizine 
therapy in 18% of patients, whereas those with nonsus- 
tained VT induced at baseline had a noninducibility 
rate of 27%.® In a review of the U.S. data base, there 
were 117 patients with paired electrophysiologic stud- 
ies.!? Among those with sustained VT induced in the 
baseline study, the drug prevented reinduction in 25%, 
whereas noninducibility was achieved in 36% who had 
nonsustained VT at baseline. Overall, noninducibility 
was achieved in 29%. However, an additional 45 pa- 
tients with baseline electrophysiologic tests did not un- 
dergo a repeat study during moricizine therapy because 
of drug discontinuation for side effects or drug ineffica- 
cy based on noninvasive evaluation. When these pa- 
tients are included in the analysis, the overall efficacy 
rate is 21%. In other studies, noninducibility with mori- 
cizine with electrophysiologic techniques is as low as 
5%. 18 

Unfortunately, data on the outcome of long-term 
therapy with moricizine in patients with serious ventric- 
ular arrhythmia are sparse. When noninvasive methods 
were used to judge efficacy, the sudden death rate was 
12%, whereas a nonfatal recurrence occurred in 12% 
after a 13-month follow-up.!3 Of 28 patients respond- 
ing to moricizine (based on electrophysiologic testing) 
and continuing to take it for a mean of 6.8 months, 
there were 3 sudden deaths (10.7%) and a nonfatal re- 
currence in 6 (21.4%).!9 

Although moricizine has effects on atrial myocardi- 
um and the atrioventricular node, data on the role of 
this agent for therapy of supraventricular arrhythmias 
are sparse and no controlled studies are available. In 1 
small series of 4 young patients with an ectopic atrial 
tachycardia, moricizine was effective in each patient.?° 
An intravenous preparation of moricizine was evaluated 
in the U.S.S.R. in patients with supraventricular tachy- 
cardia. Among 16 patients with an accessory pathway, 
the drug (1.5 to 2 mg/kg) terminated the induced 
tachycardia in 9 patients, and prevented its reinitiation 
in 8.2! In the remaining patients, the cycle length of the 
induced supraventricular tachycardia was lengthened. 
In many patients the drug did slow or abolish antero- 
grade and retrograde conduction over the accessory 
pathway and prolonged its refractory period. In a sec- 
ond study, intravenous moricizine (1.5 to 2 mg/kg) was 
administered to 11 patients with atrioventricular nodal 
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TABLE IW Most Frequent Adverse Effects from Moricizine— 
U.S. Data Bese (n = 1,256) 


Drug 
Discon- 
tinued (%) 


Adverse 
Reaction (%) 


Overall 
Cardiac 
Arrhythr & aggravation 
Congestire heart failure 
Chest pat 
Nervous syrem 
Dizziness 
Headachs 
Nervousrsss 
Paresthes Bs 
Sleep dise der 
Gastrointesd jal 
Nausea 
Abdominet pain 
Dyspepsie 
Vomiting 
Diarrhea 
Dry mouts 
Generalized 
Fatigue 
Hypoesthe: ias 
Sweating 
Asthenia 
Chest pair 
Fever 
Respiratory 
Musculoskel=al 
Dermatologic 
Urogenital 
Laboratory amormalities 


? = unknown. 





reentrant taccycardia.** The drug terminated the ar- 
rhythmia in = and prevented reinduction in each pa- 
tient. A reduc ion in retrograde conduction through the 
fast atriovent> cular nodal pathway was seen. 

Adverse eects: Initial studies with moricizine using 
doses of 61) mg/day reported very few adverse ef- 
fects, and these were primarily gastrointestinal.!*!> In 
the dose-rans.ng, placebo-controlled trials in which 
>600 mg/da¥ were administered, adverse effects were 
more comme), li The most frequent were nausea 
(11%), dizziress (9%), abdominal discomfort (11%), 
weakness (4% _, headache (3%), constipation (2%), dry 
mouth (2%) ead blurred vision (2%). More serious side 
effects, usual, resulting in drug discontinuation, were 
arrhythmia aggravation (4.2%), conduction abnormali- 
ties (2.5%), axxiety or depression (1.7%) and dizziness 
and syncope 11.7%). The U.S. data base, which in- 
cludes 1,256 patients, reported that 71.5% of subjects 
had at least 1 =dverse effect during the follow-up period 
which was ur to 2 years? (Table III). However, the 
drug was discontinued in only 9% of patients, most of- 
ten because cf neurologic or gastrointestinal toxicity. 
The most freq.cent adverse effects were neurologic (diz- 
ziness, headache, fatigue, hypesthesia, asthenia, ner- 
vousness, parazsthesias and sleep disorder); gastrointes- 


tinal (nausea, abdominal pain, dyspepsia, vomiting, 
diarrhea and dry mouth); generalized complaints; respi- 
ratory complaints; musculoskeletal problems; and der- 
matologic and urologic problems. Drug fever, reduced 
platelet counts and liver function test abnormalities 
were rarely observed. 

In the U.S. data base, the reported incidence of ar- 
rhythmia aggravation was 3.2%. In half of these cases, 
this represented a new sustained ventricular tachyar- 
rhythmia, whereas in the remaining half, there was a 
statistically significant but nonserious increase in VPCs 
or runs of nonsustained VI. However, in a group of 
patients with significant heart disease presenting with 
serious ventricular tachyarrhythmias, the incidence of 
arrhythmia aggravation was 11%.4 In the U.S. data 
base, congestive heart failure during therapy was ob- 
served in 7.1% of patients, but was probably or possibly 
due to the drug in only 2%.” The majority of patients 
with this adverse reaction had a previous history of con- 
gestive heart failure. A similar incidence of heart fail- 
ure has been observed among patients with a history of 
a sustained ventricular tachyarrhythmia.”6 

Conclusion: [Moricizine is a new antiarrhythmic 
agent with electrophysiologic properties similar to those 
produced by other class 1 antiarrhythmic agents. At 
doses of 600 to 1,200 mg/day it is effective for the 
suppression of spontaneously occurring VPCs, couplets 
and runs of nonsustained VT. It is less effective in pa- 
tients presenting with a sustained ventricular tachyar- 
rhythmia, especially when significant left ventricular 
dysfunction is present. Although there are few direct 
comparisons with other antiarrhythmic agents, efficacy 
rates with moricizine appear to be lower than those re- 
ported with drugs that are more potent. An important 
advantage is less frequent nuisance side effects when 
compared with other agents. More serious adverse ef- 
fects (primarily cardiac) do occur, but are less common 
than with other agents. Moricizine appears to be safe in 
postinfarction patients and is not associated with the 
increased mortality seen with encainide and flecainide. 
Its safety and low incidence of adverse effects are im- 
portant advantages; however, it is as yet unknown if 
this drug will reduce the risk of sudden death in postin- 
farction patients or in any other group, especially those 
surviving out of hospital sudden death. Therefore, the 
answer to the question “Is it unique?” awaits the re- 
sults of CAST-II. 
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Medical, Ethical and Legal Issues Regarding 


Thrombolytic Therapy in the Jehovah’s Witness 


Jeremy Sugarman, MD, Larry R. Churchill, PhD, John Kevin Moore, JD, MHA, 
and Robert A. Waugh, MD 


e recently cared for a patient who received 
thrombolytic therapy for an acute myocar- 
dial infarction. The patient was a Jehovah’s 
Witness and subsequently had a hemorrhagic death, re- 
fusing blood transfusion. The case raised several ques- 
tions about the medical, ethical and legal considerations 
involved with the use of thrombolytic therapy in Jeho- 
vah’s Witnesses and other patients who refuse blood 
transfusions a priori. 

The patient was a 57-year-old woman who present- 
ed to a local emergency room complaining of chest dis- 
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comfort. An electrocardiogram was consistent with an 
acute inferior myocardial infarction and the patient 
consented to participate in the Thrombolysis and Angi- 
oplasty in Myocardial Infarction 5 investigation. She 
was randomized to receive thrombolysis with both tis- 
sue plasminogen activator and urokinase followed by 
acute cardiac catheterization. Her initial hemoglobin 
was normal and thrombolytic therapy was administered 
within 6 hours from the onset of the symptoms. The 
patient was a practicing Jehovah’s Witness and clearly 
stated an objection to the use of any blood products in 
her care. Several days later, she became progressively 
hypotensive. The patient’s stool was melenic and her 
hematocrit was 20%. After being advised that her clini- 
cal condition was life-threatening, the patient again re- 
fused the administration of blood or blood products. 
Gastrointestinal bleeding continued despite treat- 
ment with both sucralfate and an H, blocker; her he- 
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TABLE I Cortraindications to Thrombolytic Therapy 


Absoluts 
Active internal bleeding 
Ceretval vascular accident (within 2 months) or 
acte intracranial process 
Major reative 
Recert major surgery 
Recert serious gastrointestinal bleeding 
Recert serious trauma 
Severe hypertension 
Minor reative 
Infective endocarditis 
Pregnancy 
Age > 75 years 
Diabetic hemorrhagic retinopathy 
Minor zrauma including cardiopulmonary resuscitation 
High li<elihood of left-sided thrombus 
Hemoztatic defects 


matocrit decreased to 14%. The patient’s mental status 
deteriorated. As she became incapable of making com- 
petent decisions, her family voiced concordance with 
her prior decision to refuse blood transfusions, knowing 
that she could die without this therapy. Progressive hy- 
potension with concomitant myocardial ischemia en- 
sued which wes unresponsive to intravenous fluids and 
vasopressors aad she died. 

Medical considerations: There is general agreement 
that rapid reperfusion of ischemic myocardium is op- 
timal treatment of an acute myocardial infarction. 
Whereas several methods exist to achieve reperfusion 
(emergent surgery, angioplasty and thrombolytic thera- 
py), thrombolytic therapy appears to be the best meth- 
od in the acute setting. '-4 Other reperfusion techniques, 
such as coronary angioplasty, are typically appropriate 
as delayed, ra ber than acute interventions.’ Our pa- 
tient met accepted criteria for using thrombolytic thera- 
py since she kad electrocardiographic evidence of an 
acute myocarcial infarction soon after the onset of 
chest pain. Bezause her infarction was diaphragmatic 
and she was aAemodynamically stable, however, her 
prognosis was =xcellent and the benefits of reperfusion 
were at least cuestionable.® In fact, in one series, pa- 
tients subcategorized as having diaphragmatic infarc- 
tions were no” afforded significant improvement in 
mortality with <hrombolytic therapy.? Nonetheless, an- 
other trial reported a significant reduction in mortality 
in these patiems.” Although diaphragmatic infarctions 
can be hemodynamically poorly tolerated and result in 
death, patients with such infarctions generally have a 
lower mortality rate than those with anterior infarc- 
tions. In retrospect, these considerations may have de- 
served a greater role in the decision to enroll this pa- 
tient in a protocol involving the use of thrombolytic 
therapy. 

Contraindicetions to treatment with thrombolytic 
therapy can be zlassified as absolute, major relative and 
minor relative (Table I).!8 Several of these contraindi- 





cations exclude patients who may especially be prone to 
bleeding complications or who are at considerable risk 
if bleeding occurs. 

Significant bleeding complications from thrombolyt- 
ic therapy are generally believed to be “rare.”4? Al- 
though the type and amount of thrombolytic therapy 
administered plays some role in the incidence of com- 
plications, it appears that such therapy carries an ap- 
proximate 8% risk of major hemorrhagic complica- 
tions.?:!° For instance, some data suggest that bleeding 
episodes are more frequent in patients who receive 
streptokinase than in those receiving tissue-type plas- 
minogen activator.!! Additionally, invasive procedures, 
older age and female gender are associated with an 
increased risk of bleeding.” However, an accurate 
estimate of mortality in patients who did not receive 
blood transfusion for life-threatening hemorrhages is 
not known and would be difficult if not impossible to 
obtain. 

Our patient was enrolled in a multicenter trial ex- 
amining the effectiveness of combined tissue-type plas- 
minogen activator and urokinase versus each of these 
agents alone in the treatment of myocardial infarction. 
After informed consent, she was randomized to receive 
combination therapy with urokinase and tissue-type 
plasminogen activator. In a preliminary analysis of pa- 
tients enrolled in these trials, 15% had gastrointestinal 
bleeding, but patients who received combination thera- 
py with urokinase and tissue-type plasminogen activa- 
tor had significantly less bleeding than those who re- 
ceived either agent alone.'? Nonetheless, our patient 
had a pronounced blood loss. Her clinical condition was 
exacerbated by both her own and her family’s adamant 
refusal of all blood products in her care — measures 
that might have been lifesaving. 

Our case raises several questions regarding the use 
of thrombolytic therapy in a Jehovah’s Witness or in 
any patient who refuses blood transfusion a priori. If 
thrombolytic therapy is “medically” indicated, should a 
refusal of blood products be a relative contraindication 
to its use? If cardiac catheterization can be performed 
within 3 to 4 hours after the onset of ischemia, should it 
be used to define the presence or absence of thrombus 
in order to avoid unnecessary use of a thrombolytic 
agent? Should the infarction site, size or degree of 
acute hemodynamic compromise, or a combination of 
all these be factors in the decision for thrombolytic 
therapy? | 

Ethical considerations: Should a Jehovah’s Witness 
who refuses blood transfusion be offered a treatment 
known to have a risk of bleeding? The ethical principles 
in conflict here are the physicians’ duties of nonmalefi- 
cence and respect for autonomy. The principle of non- 
maleficence encompasses the physicians’ obligation to 
avoid harming patients as a result of treatment. The 
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principle of autonomy recognizes that the patient is one 
who chooses in accordance with his/her own values 
without interference or coercion. John Stuart Mill ar- 
gued that control over an individual’s actions is legiti- 
mate only if it is necessary to prevent harm to others. 
In all other matters, “the individual is sovereign” and 
free to choose courses of action others may think ill 
advised, or even foolish. !3 

In the medical setiing, the principle of autonomy 
finds its most insistent expression in the doctrine of in- 
formed consent for both experimental protocols and 
clinical practice.'4 The specific elements of informed 
consent (disclosure of information, risks and options, 
the competence or deciston-making capacity of the pa- 
tient or subject, and the voluntariness of the choice) are 
the concrete embodiments of the autonomy principle in 
the realm of medicine. 

Our case stretches the notion of informed consent to 
cover not only the the administration of blood products, 
but also the offering of thrombolytic therapy which 
may increase the need for blood products. Such thera- 
pies must be explained to all patients, including Jeho- 
vah’s Witnesses, as remedies that are preferable on oth- 
er grounds (e.g., cardiac outcome), but which make 
choices about blood products more likely. It obviously 
matters whether the risk of bleeding is great or small. 
In this case, the risk was judged to be small, making 
the choice to offer thrombolytic therapy a reasonable 
one. 

In emergency situations when the patient is incapa- 
ble of making decisions, physicians are guided by the 
principle of beneficence and are expected to do what 
they believe will offer the patient the best chances of 
survival. However, when circumstances allow, full dis- 
closure and discussion should be the norm. To exclude 
automatically all Jehovah’s Witnesses who may express 
an objection to blood products from receiving thrombo- 
lytic therapy would be to undermine their freedom to 
choose. 

A review of Jehovah’s Witnesses’ rationales for the 
refusal of blood transfusions can be found elsewhere.!> 
Care must be taken not to treat all Jehovah’s Witnesses 
as uniform adherents to a single monolithic belief. 
Whereas the authenticity and sincerity of Jehovah’s 
Witnesses who refuse blood products should not be 
challenged, ambivalence by some Jehovah’s Witnesses 
has been noted. Specifically, some Jehovah’s Witnesses 
seem to indicate a willingness to be coerced, so that 
blood products may be received so long as it is noted to 
be contrary to their wish or against their will "8 Strate- 
gies that maximize these possibilities may themselves 
be morally problematic, yet foreclosing on these options 
in advance by not offering thrombolytic agents at all 
would be discriminating against Jehovah’s Witnesses, 
especially if there were no other contraindications to 


thrombolytic therapy. To make the refusal of blood 
products equivalent to the refusal of thrombolytic ther- 
apy is to confuse the issues. To exclude Jehovah’s Wit- 
nesses, categorically from thrombolytic therapy would 
be a mistake of both logic and ethics. Logically, it is a 
hasty generalization. Ethically it threatens to substitute 
an unwarranted medical (or legal) paternalism for pa- 
tient autonomy. 

Patients can achieve autonomous decision-making 
only if supported and protected by physicians and other 
health care professionals. Respect of patients requires 
full disclosure about the options regarding available 
medical treatments, including thrombolytic therapy. 

Legal considerations: The issue of blood transfu- 
sions in Jehovah’s Witness has been argued in the 
courts for some time and several legal precedents ex- 
ist.!7!8 The case presented raises the question of wheth- 
er a physician who withholds thrombolytic therapy 
from a Jehovah’s Witness is at legal risk. The legal 
principles involved in answering the question are those 
that govern the treatment of all medical patients and 
include: the physician’s duty to treat the patient, the 
standard of care, the physician’s duty to provide ade- 
quate informed consent, the patient’s right to refuse 
treatment, and the State’s interest in preserving life. 

A physician who undertakes treatment of any pa- 
tient enters into an implied contract to provide contin- 
ued medical care as long as it is required.!? Before un- 
dertaking treatment, however, a physician has the op- 
tion to reject care of the patient and avoid the implied 
contract. Nonetheless, once care commences, the obli- 
gation to continue care can only be dispensed with in 
one of three ways: (1) the conditions that required 
immediate treatment cease to exist, (2) a competent 
patient discharges the physician, or (3) the physi- 
cian withdraws from the case after providing the pa- 
tient with reasonable notice and an adequate substitute 
source of care.”°.2! Under the circumstances of our case 
an obligation to provide necessary medical treatment 
for the patient existed from the time of entry into the 
research study until her death. 

The physician has a legal obligation to meet the 
standard of care in all cases. The standard of care is set 
by treatment generally accepted and provided by the 
surrounding medical community.”? If one assumes that 
thrombolytic therapy is the standard of care, then with- 
holding it exposes the physician to potential liability. 
The physicians’s determination of the risk of bleeding 
complications from thrombolytic therapy in a particular 
clinical setting (to a reasonable degree of medical cer- 
tainty) provides a sound basis for withholding treat- 
ment that might otherwise be considered standard of 
care. Thus, the standard of care is not absolute, and the 
particular circumstances of each case must be taken 
into account before a course of treatment is selected. If 
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thrombolytic therapy is not an “absolute” standard, 
reasonable alternatives to this treatment should be of- 
fered to the zatient. Although current research seems 
divided about the absolute value of thrombolytic thera- 
py in patients with diaphragmatic myocardial infarc- 
tions (thus, Ce standard of care in our case might be 
debatable), it Is easy to imagine a similar scenario in 
which there — little question about the indication for 
thrombolytic therapy. 

The doctrae of informed consent assures that the 
patient particdates in the decision making process of 
medical care. The current legal doctrine of informed 
consent seems to have developed from a series of negli- 
gence cases. .1 the landmark case, Schloendorff vs. 
Society of New York Hospital, a woman who con- 
sented to a peWic examination under anesthesia had a 
hysterectomy z2rformed without her consent. The court 
recognized that: “Every human being of adult years 
and of sound xind has a right to determine what shall 
be done with kis own body; and a surgeon who per- 
forms an operétion without his patient’s consent com- 
mits an assaul: for which he is liable in damages.”23 In 
a subsequent cése, the court found that physicians have 
an additional Cty to disclose certain facts concerning a 
procedure befo-e obtaining consent.** The physician’s 
duty to obtain informed consent now includes a com- 
prehensive explanation of the risks, benefits and alter- 
natives availabe to the patient. The patient has the 
right both to tcis information and to refuse treatment. 
Under the doccrine of informed consent, even if the 
physician advised the patient that a transfusion might 
be required aftar thrombolytic therapy, it would still be 
the patient’s rizht to decide whether to receive throm- 
bolytic therape assuming the concomitant risks.?>-26 
Our patient gea informed consent for receiving throm- 
bolytic therapy, documented by her signed agreement 
to participate am the study. Written consent included 
acknowledgmenm: of the potential for gastrointestinal 
bleeding possitky requiring blood transfusion. For the 
competent patient, the right to refuse care or a particu- 
lar treatment extends to life-saving and life-prolonging 
treatment. In = 1986 case, a 23-year-old Jehovah’s 
Witness without children was permitted to refuse a life- 
sustaining blood transfusion and the court held that the 
patient’s rights. were paramount.*’ Subsequently, the 
Supreme Court of Florida upheld the rights of a com- 
petent Jehovah Witness mother to refuse blood trans- 
fusion. The count felt that the “State’s interest in hav- 
ing children razed by two loving parents was insuffi- 
cient to overcome [the] patient’s right pursuant to 
practice of her religion, to refuse lifesaving blood trans- 
fusions.””28 

Although a 2onstitutional right to religious freedom 
is recognized, the State has a counterbalancing interest 
in the preservat:on of life. As demonstrated in both the 


Quinlan case and the Saikewicz case, consideration 
must be given to whether withholding treatment would 
be ethically justified under the particular circumstances 
of each case.??*¢ If the patient seeks hospitalization, 
but also wishes to limit the course of treatment in a 
manner inconsistent with accepted medical practice, the 
physician or hospital would not be required to act in 
any way that is viewed as unethical. Under these cir- 
cumstances a physician would have the duty to transfer 
the patient to the care of a doctor who would undertake 
treatment consistent with the patient’s values. The 
trend in recent cases has emphasized that patient au- 
tonomy governs.*“ 

Thus, if thrombolytic therapy is indicated and a 
blood transfusion does not represent a reasonable risk, 
then thrombolytic therapy should be administered. If, 
however, there is relative certainty that thrombolytic 
therapy will necessitate a subsequent blood transfusion, 
and a competent patient has stated an absolute refusal 
to receive blood transfusions, then the physician would 
be best advised either to act in accordance with the 
patient’s wishes or to transfer the patient to one who 
could do so. 

Perhaps in future instances it would be best to have 
questions related to blood transfusion emphasized with 
any patient who might object to transfusion before ad- 
ministering thrombolytic therapy. In short, the compe- 
tent patient must ultimately decide. If the patient is not 
competent or emergency circumstances exist, the physi- 
cian is bound to proceed following the standard of care 
with treatment that appears to best benefit the patient. 

Conclusions: A review of the medical, ethical and 
legal issues involved in the use of thrombolytic therapy 
in Jehovah’s Witnesses emphasizes the need for an in- 
formed consent that highlights the possible need for 
blood transfusion. Physicians caring for a Jehovah’s 
Witness, or any patient who a priori refuses blood 
transfusion, in similar settings may wish to consider a 
variety of factors such as the likely hemodynamic con- 
sequences of the infarction and the use of treatment 
modalities that might minimize the need for blood 
transfusions. Given the current epidemic of human im- 
munodeficiency virus, it is conceivable that other pa- 
tients may refuse blood transfusion secondary to fear of 
infection. Additionally, while research continues to as- 
sess the efficacy of thrombolytic therapy, it may be 
prudent to exclude patients from experimental protocols 
who in advance refuse blood transfusions since this may 
bias a critical evaluation of the therapy itself with re- 
spect to tabulations of morbidity and mortality. 
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Coronary Artery Surgery in Octogenarians 


William S. Weintraub, MD, Stephen D. Clements, MD, John Ware, MD, Joseph M. Craver, MD, 
Caryn L. Conen, MN, Ellis L. Jones, MD, and Robert A. Guyton, MD 


oronary surgery is being performed increasingly 
( in olr patients who may have more extensive 
disezse as well as other factors that may lead to 
more frequen: complications and death.!-3 Several stud- 
ies have show7 that the rate of complications and mortal- 
ity in elderly patients are higher than in younger ones.*7 
Advanced age has also been shown to correlate with late 
mortality after cardiac surgery.® Because of these data, 
there has beer. uncertainty as to use of cardiac surgery in 
older patients especially in those aged =80 years. This 
report presents results of coronary artery bypass grafting 
both in hospit=l and at follow-up in patients aged =80. 
The study vopulation comprised all patients aged 
=80 years who underwent isolated first coronary by- 
pass surgery <t Emory University Hospital or Craw- 
ford W. Long Hospital between 1978 and 1989. Pa- 
tients with ccexisting valve, congenital heart and 
primary myocardial diseases, those needing aneurys- 
mectomy, and those undergoing coronary surgery in 
the setting of s.nsuccessful angioplasty were excluded 
from the stud». In all, there were 154 patients includ- 
ed in the stwey. Coronary arteriography was per- 
formed with reultiple right and left anterior oblique 
projections uring the Judkins technique. All angio- 
grams were wterpreted by =2 experienced angio- 
graphers. Cort-ast left ventriculograms were obtained 
in the 30° rigki anterior oblique projection. Extracor- 
poreal circulcsion was instituted by standard tech- 
niques,’ and perfusion was maintained at 2.0 to 2.4 
liters/min/m?. systemic (30 to 25°C) and topical hy- 
pothermia, ard cold potassium cardioplegia were 
used for myocardial protection. Cardioplegic solution 
was reinfused d 20 to 30 minute intervals to maintain 
an intramyocatdial temperature <20°C. Distal anas- 
tomoses were ;armed with the aid of optical magnifi- 
cation. Grafts xere created from either internal mam- 
mary arteries or vein grafts. Patients were then 
weaned from cardiopulmonary bypass, and chests 
were closed using standard techniques. Patients were 
then transferred to the surgical intensive care unit. 
Angina class was defined by the Canadian Cardio- 
vascular Society classification.!° Variables of previ- 
ous myocardial infarction, diabetes mellitus and hy- 
pertension werz gathered from the patient's history. 
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Emergent surgery was defined by the operator. A ves- 
sel was considered stenotic if there were =50% diame- 
ter narrowing of the main coronary artery or of any 
major branch. The number of vessels diseased was 
determined by a set algorithm that has been used in 
this institution!’ The number of grafts was deter- 
mined by the number of distal anastomoses. Myocar- 
dial infarction after surgery was determined by the 
development of new Q waves. A neurologic event was a 
persistent change in neurologic function, including 
persistent disorientation, after the first several days in 
the intensive care unit. 

All data were prospectively collected and entered 
into a computerized clinical database. Data are pre- 
sented as a percentage or mean + standard deviation, 
where appropriate. For purposes of analysis, pro- 
longed stay was defined as 210 days after coronary 
surgery. Categorical variables were compared by 
Pearsons chi-square. Multivariate correlates of in- 
hospital death were determined by stepwise logistic 
regression analysis. Statistical testing was performed 
with BMDP. Patients were followed up by telephone 
survey. Events occurring during subsequent hospital- 
izations were obtained from the clinical database. 
Survival was determined by the Kaplan-Meier meth- 
od.!? Differences in survival between groups were de- 
termined by the Mantel-Cox method.!? Multivariate 
correlates of survival were determined by Cox model 
analysis. 

Mean age of the patients was 82 + 2 years (range 
80 to 89); 98 (64%) were men, 73 (47%) had a prior 
myocardial infarction, 76 (49%) had hypertension, 26 
(17%) had diabetes mellitus, 130 (84%) had class LI 
or IV angina, 19 (12%) had history of congestive heart 
failure, 103 (67%) had 3-vessel or left main coronary 
artery disease and 46 (32%) had an ejection fraction 
<50%. Procedural characteristics and complications 


TABLE I Operative Characteristics 


41 (27%) 
3.3 + 1.0 (1-6) 
16 (10%) 
7 (4.5%) 
9 (5.8%) 
4 (2.6%) 
8 (5.2%) 
16 (10%) 
11 + 8 (0-59) 


Emergent 

Grafts 

Internal mammary 
Exploration for bleeding 
Intraaortic balloon pump 
Q-wave myocardial infarction 
Stroke 

Hospital death 

Length of stay 
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are listed in Table I. Surgery was emergent, as defined 
by the surgeon, in 41 patients (27%). Only 16 patients 
(10%) had had an internal mammary graft. Reexplo- 
ration for bleeding was needed in 7 patients (4.5%). 
The intraaortic balloon pump was needed in 9 patients 
(5.8%). A Q-wave myocardial infarction in the hospi- 
tal occurred in 4 patients (2.6%), a stroke in 8 (5.2%) 
and in-hospital mortality in 16 (10%). The length of 
hospital stay after surgery averaged 11 + 8 days 
(range 0 to 59). 

Clinical variables were analyzed as correlates of 
survival, both in the hospital and after discharge. 
Only diabetes mellitus and left ventricular ejection 
fraction emerged as significant correlates. In-hospital 
mortality occurred in 10 of 128 (7.8%) patients with- 
out diabetes mellitus, and in 6 of 26 (23%) with diabe- 
tes (Table II). Eight of the 26 diabetics were receiving 
insulin, and 2 (25%) died. Diabetics receiving insulin 
did not have a higher mortality than those not receiv- 
ing insulin. In-hospital mortality occurred in 9 of 46 
(20%) patients with ejection fractions <50%, and in 7 
of 96 (7.3%) with ejection fractions 250%. In the 14 
patients with ejection fractions <50% and diabetes 


0.7 


0.6 


Freedom 
From 06.5 
Events 


0.4 


03 


Survival 


0.2 MI Free Survival 


Death 

N Remaining 
Survival 

N Events 


Death or MI 
N Remaining 
Survival 
N Events 








TABLE H Correlates of In-Hospita! Mortality 
Total Deaths (%) 
6 (23) 
10 (8) 


9 (20) 
7 (7,3) 


4 (29) 


p Value 


Diabetes mellitus 
Diabetes absent 


Ejection fraction <50 
Ejection fraction > 50 


Ejection fraction <50 and 
diabetes mellitus 

Ejection fraction <50 or 
diabetes mellitus 

Ejection fraction = 50 and 
diabetes absent 


7 (16) 


5 (6) 


mellitus, 4 died (29%). In the 44 patients with ejection 
fractions <50% or diabetes mellitus, 7 died (16%). In 
the 85 patients with ejection fractions =50% and no 
diabetes mellitus, 5 died (5.9%). 

Five-year survival (Figure 1) was 0.62, and 5-year 
myocardial infarction-free survival was 0.57. Two- 
year survival was 0.85 without and 0.54 with diabetes 
mellitus (Figure 2). Five-year survival without diabe- 
tes mellitus was 0.64. Two-year myocardial infarc- 
tion-free survival was 0.81 without and 0.54 with 


25 
Time in Years 


FIGURE 1. Five-year freedom from events in 152 patients. Curves represent survival and myocardial infarction-free survival. 


Mi = myocardial infarction. 
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diabetes melitus (Figure 3). Five-year myocardial months after surgery. At the time of follow-up, 87 
infarction-free survival was 0.60 without diabetes patients (82%) were free of angina. There was no 
mellitus. Presence or absence of angina at follow-up significant difference in angina status at follow-up 
was available in 106 patients at an average of 35 +22 between patients with no or mild angina and those 


Survival 





FIGURE 2. Five-year sur- 
vival in patients with and ` 
without diabetes, 
No Diabetes 
N Remaining 126 
Survival 1 
N Events d 
Diabetes 
N Remaining 
Survival 
N Events 
MI Free 
Survival 
FIGURE 3. Five-year myo- 
cardial infarction-free surviv- 
al in patients with and with- 
out diabetes. MI = myocar- 
dial infarction. 
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with severe angina originally. Thus, 75 of 101 (82%) 
patients with severe angina at the time of surgery were 
without chest pain at follow-up. 

The in-hospital and long-term results of coronary 
bypass surgery in octogenarians are reviewed in this 
study. In-hospital mortality was 10%, and ejection frac- 
tion and presence of diabetes mellitus were correlates. 
Diabetes mellitus was also a correlate of mortality and 
the combined end point of mortality and myocardial 
infarction over the several years after the procedure. 
Patients without diabetes had lower in-hospital mortality 
and remarkably high 5-year survival for octogenarians. 
In addition, 82% of the patients were pain-free during 
follow-up. 

Old age has been shown to be a risk factor for in- 
hospital and long-term mortality.4-? The results of the 
current study are consistent with reports on geriatric 
patients from other centers.!4-!© Edmunds et al!4 report- 
ed a 90-day mortality in 10 of 41 (24%) patients aged 
= 80 years undergoing coronary surgery. Subsequent se- 
ries have shown improved results. Naunheim et al!’ re- 
viewed the results of coronary and valve surgery in 103 
patients aged =80 years. As in the present study, symp- 
tomatic improvement was noted. Perioperative predic- 
tors of mortality were use of the balloon pump before 
surgery, history of congestive heart failure, and mitral 
valve replacement. In-hospital mortality occurred in 9 of 
71 (13%) patients undergoing coronary bypass surgery. 
Tsai et al!® reported results of coronary bypass surgery in 
64 patients aged >80 years. Within 30 days, 2 patients 
(3.1%) died. Of the surviving patients, 60% were symp- 
tomatically improved. Percutaneous transluminal coro- 
nary angioplasty has also been reported in octogenari- 
ans.!7-!8 Jeroudi et al!’ reported impressive results in 54 
patients, with angiographic success in 49 (91%) and 2 
deaths (3.7%) in the hospital. Survival was 81% at 1 year 
and 78% at 3 years. Restenosis and the need for repeat 
angioplasty or coronary surgery were limitations. Kern et 
al'8 cautioned that angioplasty in patients aged >80 
years is a high-risk procedure. Selection of appropriate 
cases limits the ability to compare patients undergoing 
angioplasty with those treated surgically. 

Selection of the appropriate form for therapy in pa- 
tients aged 280 years may be complicated by higher 
adverse event rates than those in younger ones. Although 
the influence of age on the cost of surgery is not known, 
older patients do have a longer mean length of hospital 
stay.!9 Complications including stroke and wound infec- 
tions are more frequent in older patients and can result in 
dramatically longer hospital stays in some patients.!? 
The criteria for operating on patients aged = 80 years are 
likely to be different than for those who are decades 
younger, with the severity of angina being more impor- 
tant in the decision to operate on octogenarians. There is 


almost certainly a tendency to avoid surgery in patients 
aged 280 years. Factors that were not available for this 
study, such as detailed assessment of the diffuseness of 
the coronary artery disease on angiographic review, and 
consideration of how robust or frail the patient is, may 
further improve selection of appropriate cases. With 
careful case selection, the probability of successful sur- 
gery in octogenarians is increased. Thus, the probability 
is that selected patients aged =80 years will have success- 
ful surgery despite higher risks and almost certainly high- 
er costs. It is of interest to note that 5-year survival in 
1987 in the United States for all persons aged 80 to 85 
years was 66%,”° which is quite close to the 62% found in 
this study. Whether life is prolonged and whether coro- 
nary surgery can be cost-effective in patients aged =80 
years cannot be answered from the current literature. 
Although the current crisis in health care costs may 
result in attempts to deny certain procedures to the elder- 
ly, this report suggests that coronary artery bypass sur- 
gery should not be denied to patients on the basis of age 
alone. 
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Prevalence and Significance of ST-Segment Alternans During 


Coronary Angioplasty 
lan C. Gilchrest, MD 


lectrical alternans is a phenomenon of alternating 

electrocardiographic morphology on an every- 

other-t-eat basis. ST-segment alternans is often 
seen in the an-mal laboratory with subtotal or transient 
coronary artery occlusion.'! In humans it has been ob- 
served in a var ety of settings, such as Prinzmetal’s angi- 
na and once during percutaneous transluminal coronary 
angioplasty (FTCA).* Although clinically rarely ob- 
served, ST-segment alternans has been correlated with 
subsequent mélignant arrhythmias and may be an im- 
portant marker of electrically unstable myocardium.? 
This study was performed to determine whether PTCA- 
induced transmural ischemia could reproducibly induce 
ST-segment alsernans and serve as a model for this syn- 
drome. 

Laboratory records of 407 consecutive patients un- 
dergoing PTCA, with continuous electrocardiograph- 
ic monitoring and recording of =2 standard leads 
during balloon inflations, were evaluated. Lead selec- 
tion was based on the most likely ischemic zone dur- 
ing PTCA. Most procedures were performed using 
standard over-2-wire balloon techniques with arterial 
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and, when feasible, intracoronary blood pressure 
monitoring. More than 90% of the patients had 21 
balloon inflation >60 seconds. Each patient's record 
was reviewed for target arteries, number and duration 
of balloon inflations, presence of ST-segment alter- 
nans, and complications. 

Five patients were observed to have ST-seg- 
ment alternans. Their records were further reviewed 
for cardiac history, prior PTCA procedures, coro- 
nary anatomy and ventricular function, medications 
and electrolytes. The records were also reviewed 
for contrast agent use, anginal symptoms, hemody- 
namic changes and sequence of electrocardiographic 
changes in relation to duration of balloon inflation. 

Clinical characteristics and pertinent data for the 5 
patients with ST-segment alternans are listed in Ta- 
ble I. Four of these cases occurred of 195 angioplast- 
ies of the left anterior descending artery, and 1 of 102 
angioplasties of the left circumflex artery. No epi- 
sodes of ST-segment alternans were seen in 110 an- 
gioplasties of the right coronary artery. ST-segment 
alternans never developed with <55 seconds of arteri- 
al occlusion. With repeated dilatations, ST-segment 
alternans was reproducible at about the same time of 
balloon occlusion. RR intervals and QRS morpholo- 
gies were unchanged during periods of ST-segment 


TABLE I Clinical Sharacteristics of Patients with ST-Segment Alternans During Coronary Angioplasty 


Diameter 
Narrowings 
in Other 
Coronary 
Arteries 


90%—-D1 
DO JC 
100%—LC 
0 
95%—-LC 


Collaterals 


*Persisted for 120 secands, then developed into uniform ST elevation. 


Inflation 
Time 
(sec) 


Onset of 
Alternans Anginal 


Symptoms 


Type of 
ST Change 


Moderate 
Slight 
Severe 
Slight 


D = ST-segment depr-ssion; D1 = first diagonal branch; E = ST-segment elevation; LAD = left anterior descending artery; LC = left circumflex artery; PTCA = percutaneous 


transluminal coronary an_ioplasty; — = ne information available. 
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FIGURE 1. An example of ST-segment al- 
ternans as recorded from patient 3 on 
electrocardiographic lead Ys at 25 mm/s. 


alternans (Figure 1). Pulsus alternans was not noted 
by either arterial or intracoronary blood pressure 
monitoring, whereas the perception of angina ranged 
from minimal to severe during the period of ST-seg- 
ment alternans. All patients described in this report 
had normal electrolytes and QT intervals. All patients 
were pretreated with both nitrates and calcium antag- 
onists (nifedipine or diltiazem). The procedures were 
performed with a variety of contrast agents (iohexal, 
and diatrizoate and ioxaglate meglumine sodiums). 
Patient 4 had previous PTCA at the same site without 
ST-segment alternans, but balloon inflation times 
then were <50 seconds. Patient 5 was observed to have 
ST-segment alternans only during a 1-balloon infla- 
tion in a distal left anterior descending artery lesion. 
This lesion was the first of 3 lesions dilated. ST- 
segment alternans was not observed during later infla- 
tions of a more proximal left anterior descending or 
left circumflex artery stenosis. All PTCAs were suc- 
cessful, with no complicating ventricular arrhythmias 
or evidence of myocardial damage. 

ST-segment alternans is a poorly understood syn- 
drome that may be an important marker for ischemic 
myocardium at risk for malignant ventricular arrhyth- 
mias.? Clinically, it may not be apparent on the surface 
electrocardiogram, because it can be a very localized 
phenomenon.* Transmembrane action-potential alter- 
nans can be demonstrated at the cellular level between 
ischemic and normal myocardial cells.” In the dog model, 
ST-segment alternans is associated with a threshold de- 
crease in coronary blood flow and with alternating levels 
of left ventricular function, with the most ischemic-ap- 
pearing complexes resulting in the greatest left ventricu- 
lar output.” The present report and other studies in 
humans2* have shown no hemodynamic alterations dur- 
ing ST-segment alternans. These findings need further 
confirmation with either echocardiographic or catheter 
tip transducer techniques. 


ST-segment alternans in our patients occurred only 
during relatively prolonged balloon dilatations. This sug- 
gests that a threshold of ischemia may be required to 
induce ST-segment alternans. Presence of demonstrable 
collaterals in several patients, and their ability to tolerate 
prolonged balloon inflations, implies that ST-segment 
alternans may be less ischemic in response than progres- 
sive ST-segment elevation. ST-segment alternans may 
be part of the continuum of ST-segment responses to 
transmural myocardial ischemia. This hypothesis is sup- 
ported by the observation of ST-segment alternans pro- 
gressing to uniform ST-segment elevation. 

This study suggests that ST-segment alternans is a 
relatively rare phenomenon during PTCA and occurs 
without significant sequelae. Extensive use of calcium 
antagonists in these patients may be suppressing the 
manifestation of ST-segment alternans.’ Alternans may 
have been too localized to distinguish with standard 
electrocardiography. Monitoring 12-lead electrocardio- 
grams, orthagonal leads, intracoronary electrodes or 
monophasic action potentials may have yielded a greater 
prevalence of this phenomenon. 
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Echocartiographic Documentation of Splenic Anatomy in Complex 


Congenital Heart Disease 


Patrick W. Q'Leary, MD, James B. Seward, MD, Donald J. Hagler, MD, 


and A. Jamt Tajik, MD 


plenic <bnormalities are associated with complex, 
cyanotiz congenital heart disease (CHD).!:2 Pa- 
tients vith abnormal spleens may also have an 
increased susceptibility to infection,>4 or additional char- 
acteristic gastaointestinal anomalies.* For these reasons, 
it is important to routinely define the splenic status of 
patients with complex CHD. In the past, determination 
of splenic status needed either radiation exposure (com- 
puted tomography or radionuclide imaging Gë or indirect 


evidence from blood smears (presence or absence of. 


Howell-Jolly bodies).!:7 Ultrasonography can image the 
spleen consistently and clearly. Routine ultrasonic im- 
aging of the spEen as a part of a comprehensive echocar- 
diographic exemination has not been reported. This 
study reports cur recent experience with routine visual- 
ization of the seen during complete echocardiographic 
examinations cf patients with complex CHD. 

We retrosp2ctively reviewed the records of 57 pa- 
tients who had a comprehensive echocardiographic 
evaluation for cyanotic CHD between May 1989 and 
January 199068 months). Data were recorded regard- 
ing the results of routine echocardiographic imaging 
of the spleen, -ardiovascular anatomy and ultimate 
outcome. Resists of the echocardiographic examina- 
tion were compared with available hematologic, ra- 
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FIGURE 1. Norma! subcostal (abdominal) short-axis scan 
demonstrating gas-filled stomach that obscures posterior 
structures. IVC = irferior vena cava; VB = vertebral body. 
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diographic and autopsy documentation of splenic sta- 
tus. 

To examine the spleen, the abdominal situs and 
position of the tiver and stomach were determined 
from subcostal abdominal scans (Figure 1)? The 
transducer was then transferred to the flank, posterior 
to the previously identified stomach. When a spleen 
was present it was invariably located posterior and 
lateral to the stomach, and superior to the kid- 
nen JJ! Scans from the flank demonstrated the 
spleen to be a distinct, homogeneous granular organ 
without the portal vascular pattern that is character- 
istic of the liver. Another feature that in our experi- 
ence differentiated the spleen from the liver was that 
hepatic tissue was never imaged posterior and lateral 
to the stomach with this technique. The spleen was 
considered normal when it was single and found in the 
previously described location (Figure 2). Polysplenia 
was diagnosed when there were multiple discrete 
areas of splenic or septated splenic tissue imaged in 
the appropriate location (Figure 3). The examination 
was consistent with asplenia when no areas with splen- 
ic characteristics could be identified. 

Mortality rates in the 3 groups of patients were 
compared using chi-square analysis. Only p values 
<0.05 were considered significant. 

Echocardiography could be used to make a diag- 
nosis of splenic status in each case. The spleen was 





FIGURE 2. Image from posterior left flank demonstrating nor- 
mal spleen. 
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echocardiographically normal in 32 patients. Al- 
though normal, it was right-sided in 2 patients. The 
patients with normal spleens had a mean age of 6 
- years (range 1 day to 25 years). Polysplenia was diag- 
nosed by echocardiography in 11 patients, and no 
splenic tissue could be identified in 14 (asplenia). 
Patients with polysplenia had a mean age of 6 years 
(range 6 months to 13 years). Asplenic patients had a 
mean age of 13 years (range 4 to 31). 

Patients with normal spleens had various cardiac 
malformations (Table I). All 11 patients with poly- 
splenia had interruption of the inferior vena cava, with 
either azygous or hemiazygous continuation and in- 
dependent hepatic vein drainage. Ten of these patients 
also had a complex form of single ventricle. The elev- 
enth patient had complex double-outlet right ventri- 
cle. All 14 patients with asplenia had a form of com- 
plete atrioventricular canal defect with a functional 
single ventricle and pulmonary valve stenosis or atre- 
sia. Thirteen of these patients also had anomalous 
pulmonary venous connections. 

Fourteen of the 43 patients with echocardiographi- 
cally detectable splenic tissue had blood smears. 
Howell-Jolly bodies were absent in every case. Ten of 
the 14 asplenic patients had blood smears. All of these 
smears were positive for Howell-Jolly bodies. Fifteen 
patients underwent another diagnostic study that pro- 
vided information on splenic anatomy (14 computed 
tomographic or magnetic resonance scans and I au- 
topsy). Eleven other imaging studies were able to de- 
termine splenic status, and 4 studies were inconclu- 
sive. When these examinations were able to conclu- 
sively define splenic status, the findings always agreed 
with the echocardiographic description of the spleen. 

Fifty-four of the 57 patients in this study had a 
subsequent cardiovascular operation. Twenty-nine 
patients with normal spleens underwent surgery. 
There were 3 nonsurviving patients in this group 
(mortality 10.3%). All patients with polysplenia and 
asplenia underwent surgery. All 11 patients with po- 
lysplenia survived surgery. There was 1 nonsurviving 
patient in the group with asplenia (mortality 7.1%) 
who died secondary to sepsis. None of the other deaths 
were related to infection. 

There were 6 late deaths in the 50 initial surviving 
patients. Two patients had normal spleens, 1 had po- 
lysplenia and 3 were asplenic. Two of the 3 late deaths 
in the group with asplenia were secondary to sepsis. 
None of the other deaths were related to infection. 

The only statistically significant difference in out- 
come was in the group with asplenia. Even with antibi- 
otic prophylaxis, these patients had a significantly 
higher rate of infection-related death (p = 0.01) than 
did those with normal spleens. The group with poly- 





TABLE | Cardiovascular Malformations in Patients with 
Normal Spleens* 


Malformation 


Univentricular heart 
Complete transposition of the great arteries 
Pulmonary atresia with VSD 
Pulmonary atresia with intact ventricular septurn 
Ccmplete AV canal with tetralogy of Fallot 
Complex double-outiet right ventricle 
*One patient had each of the following: tetralogy of Fallot; complete AN canal with 


hypoplasia of the left ventricle; tricuspid atresia; and truncus arteriosus. 
AV = atrioventricular; VSD = ventricular septa! defect. 





splenia was too small to allow a valid statistical com- 
parison. 

Defining the splenic status of patients with complex 
CHD is clinically important for several reasons. Patients 
with asplenia are at higher risk of sepsis from encapsulat- 
ed bacteria.2++ Even with prophylaxis, the rate of infec- 
tion-related death in our patients with asplenia was 
greater than it was in those with normal spleens. The fact 
that all of these patients had major surgery during the 
study period may, in part, explain the persistent risk of 
sepsis. Compliance may also have played a role. Regard- 
less of the explanation for this finding, when asplenia is 
diagnosed, daily antibiotic prophylaxis should be pre- 
scribed to decrease the risk of sepsis.!* Additionally, pres- 
ence of an abnormal spleen may suggest the coexistence 
of associated anomalies of the cardiovascular and gastro- 
intestinal systems.! 

The spleen and splenic anomalies can be confidently 
identified during a comprehensive echocardiographic ex- 
amination. In this series of 57 patients with complex 
CHD, the echocardiographic diagnosis of splenic status 
was confirmed in every case in which complimentary 
studies were available. 





FIGURE 3. image from posterior left flank demonstrating po- 
tysplenia. 
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Echocard-ographic screening for splenic anomalies is 
convenient ar:d accurate, and avoids radiation exposure. 
When results of echocardiographic screening are com- 
bined with those of a blood smear, the clinician obtains a 
complete ana-omic and functional assessment of splenic 
status. We recommend that splenic imaging be included 
as a routine part of the complete echocardiographic eval- 
uation of patzents with complex CHD. 


1. Van Mierop LH, Gessner IH, Schiebler GL. Asplenia and polysplenia syn- 
dromes. Birth Defects 1972;8:36-44. 

2. Ruttenberg HD Corrected transposition of the great arteries and splenic 
syndromes. In: Adaras FH, Emmanouilides GC, Riemenschneider TA, eds. Moss’ 
Heart Disease in Infants, Children, and Adolescents. 4th ed. Baltimore: Williams 
& Wilkins, 1989;474-442. 

3. Gopal V, Bisno AL. Fulminant pneumococcal infections in ‘normal’ asplenic 
hosts. Arch Intern Bed 1977;137:1526-1530. 


4. Waldman JD. Rosenthal A, Smith AL, Shurin S, Nadas AS. Sepsis and 
congenital asplenia. J Pediatr 1977;90:555-559. 

5. Freedom RM, Treves S. Splenic scintigraphy and radionuclide venography in 
the heterotaxy syndrome. Radiology 1973;107:381-386, 

6. Myers MJ. Spleen imaging. Clin Lab Haematol 1983;12:395-420. 

7. Fefer A. Enlargement of lymph nodes and spleen. In: Petersdorf RG, Adams 
RD, Braunwaid E Isselbacher KJ, Martin JB, Wilson JD, eds. Harrison's Princi- 
ples of Internal Medicine. 10th ed. New York: McGraw-Hill, 1983;298-304. 
8. Niederau C, Sonnenterg A, Muller JE, Erckenbrecht JF, Scholten T, Fritsch 
WP. Sonographic measurements of the normal liver, spleen, pancreas and portal 
vein. Radiology 1983;1£9:537-540, 

9. Seward JB, Tajik AJ, Edwards WD, Hagler DJ. Extracardiac anatomy. In: 
Two-Dimensional Echocardiographic Atlas. Vol 1: Congenital Heart Disease. 
New York: Springer-Verlag, 1987;66-68. 

10. Stanger P, Rudolpt. AM, Edward JE. Cardiac malpositions: an overview 
based on study of sixty-five necropsy specimens. Circulation 1977;56:159-172. 
11. Peoples WM, Moller JH, Edwards JE, Polysplenia: a review of 146 cases. 
Pediatr Cardiol 1983;4:129-137. 

12. Peter G, Lepow ML, McCracken GH, Phillips CF, eds. Immunization in 
special clinical circumstances. In: Report of the Committee on Infectious Dis- 
eases. 22nd ed. Elk Grove Village, Illinois: American Academy of Pediatrics, 
1991:52-53. 


Frequency of Positive Blood Cultures During Transesophageal 


Echocarciography 


Heinz Voller, MD, Christoph Spielberg, MD, Klaus Schröder, MD, Dieter Gast, MD, 


and Rolf Sch-dder, MD 


though recommended for a number of diagnos- 

tic anc therapeutic procedures in patients at in- 

crease risk for infective endocarditis, antibiotic 
prophylaxis is generally not considered necessary for up- 
per gastrointes-inal endoscopy.'* Thus, the recent rec- 
ommendation for antibiotic prophylaxis in transesopha- 
geal echocardiczraphy° is somewhat surprising. With the 
increasing Duer of transesophageal examinations, the 
matter clearly needs the cardiologists’ attention. In this 
article, we repo-t on the incidence and nature of positive 
blood cultures and smear samples from the echo probe of 
patients undergoing transesophageal echocardiography 
in our department. 

In 144 consecutive patients undergoing transe- 
sophageal echccardiography because of central neu- 
rologic disorde-s, blood samples were drawn for blood 
cultures before(= 0 minutes), during (= 15 minutes) 
and after (= 36 minutes) the procedure. In 27 of these 
patients, smear samples of the echo probe were addi- 
tionally taken »efore and after the intervention. In a 
control group cf 40 patients without transesophageal 
echocardiography, blood was obtained for cultures at 
the same time *ntervals. 

After thorough skin disinfection with 70% isopro- 
panol, an indwelling cannula with a 3-way stopcock 
was placed in tke cephalic vein. The 3 blood samples 
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were each taken from a different disinfected outlet of 
the 3-way stopcock. Alcohol rather than iodine disin- 
fection was chosen to make our results comparable to 
those of Gorge et al? Skin antisepsis is identical with 
both methods.4 Our purpose in drawing blood sam- 
ples with an indwelling cannula rather than a new 
phlebotomy each time was to reduce the possibility of 
local contamination through subsurface skin bacteria. 
The blood samples were cultured in aerobic (supple- 
mented brain heart infusion) and anaerobic (thiogly- 
collate medium) liquid media with further subculture 
on chocolate, MacConkey and malt agar. Smear sam- 
ples were placed in sterile tubes with culture media. 
Processing of blocd cultures and smear samples fol- 
lowed standard microbiologic procedures. 

All patients were hospitalized at the time of the 
investigation. Exclusion criteria were acute or chronic 
infections, immunologic disorders, antibiotic or im- 
munosuppressive medication or invasive procedures 
within the previous 3 weeks. A 2-week follow-up in- 
cluded daily physical examinations with rectal tem- 
perature readings and 3 blood counts. A further phys- 
ical examination was performed after 6 months. 

Of a total of 864 blood cultures from patients 
undergoing transesophageal echocardiography, 34 
(3.9%) were positive with facultative pathogenic bac- 
teria in 31 (Table I). Substracting the 6 cultures al- 
ready found positive before the intervention leaves 28 
positive cultures (3.2%) during or after the procedure. 
All smear samples were sterile before the intervention 
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and showed moderate growth of local bacteria after- 
ward. Only 1 patient had the same pathogen (S. epi- 
dermidis) in both the blood sample and the probe 
smear after transesophageal echocardiography (pa- 
tient 2 in Table II). In the control group, 6.3% of the 
blood cultures were positive. During follow-up, no 
patient developed signs of bacterial infection. 

For a number of reasons, we find it unlikely that these 
positive blood cultures truly reflect intervention-induced 
bacteremia: The incidence of positive blood cultures was 
not higher during or after transesophageal echocardiog- 
raphy than in our control group. Contamination of blood 
cultures is reported to be between 3.8 and 8.2%,> a rate 
consistent with the 3.4 and 6.3% incidence of positive 
blood cultures found in this study. Only 1 patient had the 
same pathogen (S. epidermidis) in both the smear from 
the echo probe and the blood culture. A 6-month follow- 
up showed no clinical manifestation of bacteremia. 

A comparable study on blood cultures during transe- 
sophageal echocardiography published by Gorge et al? 
was stopped after positive blood cultures were found in 4 
of 24 patients. In a study different from ours, 2 blood 
samples were taken before and another 2 during the 
intervention and a venipuncture was performed at a dif- 
ferent site for each blood sample. Because all of the blood 
cultures obtained before the intervention were sterile, 
the authors suggest that they truly detected interven- 
tion-induced bacteremia and that antibiotic prophylaxis 
should precede transesophageal echocardiography. A 
number of points seem noteworthy in this study: The 
sterility of all preinterventional blood cultures can only be 
a chance finding. Studying the bacterial flora of the 
antecubital fossa before and after alcohol disinfection, 
Evans and Mattern® found a surviving bacterial popula- 
tion in 9 of 25 subjects after disinfection, probably due to 
the subsurface localization of some skin bacteria in seba- 
ceous canals or under keratinized epithelial cells or de- 
bris.” In the 4 patients with positive blood cultures, bacte- 
rial growth was always detected in both blood samples 
drawn during transesophageal echocardiography. Only 1 
patient, however, had the same bacteria (S. epidermidis) 
in both cultures. In the other 3 cases, 2 or 3 different 
bacteria were detected in the 2 blood samples of the same 
patient. Because the authors state that they have demon- 
strated bacteremia in these cases, they actually suggest 
that their patients had intervention-induced bacteremia 
with 2 or 3 different strains of bacteria. They also took 
throat smears, but only report the findings for patients 
with positive blood cultures. After the authors’ reasoning, 
the 8 different bacteria detected in these blood cultures 
should have originated in the throat, yet only 3 were 
actually found in the throat smears of the same patients. 

Two other investigations recently reported an inci- 
dence of bacteremia during and after transesophageal 
echocardiography of 3.2 and 4.2%, respectively®’; all 











TABLE | Positive Blood Cultures and Bacteria 
TEE (n = 864)* Control (n = 240)* 


OMin 15Min 30Min OMin 15 Min 30 Min 


S. coag. neg. 
Propionibacterium 
Corynebacterium 
Aeroccccus viridans 1 
Enterobacter spec.7 1 
Acinetobactert 
Enterococcus avium 


Total (n) 


*OMn, 15 Min, 30 Min = blood samples taken before (0), during (15) or after (30) 
transesophageal echocardiography. 

tUsually laboratory contaminants. 

Numer of positive blood cultures and bacteria found in 144 consecutive patients 
undergoing transesophageal echocardiography and in 40 control patients without 
transesophageal echocardiography. 

coag. = Coagulase; n = number of blood samples analyzed in each group; neg. = 
sca $. = staphylococcus; spec. = species; TEE = transesophageal echocardi- 
ography. 


TABLE If Smear Samples of the Echo Probe and Positive Blood 
Cultures 


Pt. No. Bicod Culture Smear Probe After TEE 


S. viridans 

5. epidermidis 
S. epidermidis 
S. viridans 

DG. viridans 
Neisseria 

S. viridans 
Neisseria 

5. viridans 

S., epidermidis 


Propionibacterium 

after 7 days, BC 30’ 
S. epidermidis 

after 7 days, BC 30 min. 
S. epidermidis 


after 7 days, BC O min. 
S. epidermidis 

after 5 days, BC 15 min. 
Propionibacterium 

after 4 days, BC 15 min. 


Smear samples of the echo probe and blood cultures in patien:s undergoing 
Ce echocardiography with positive bicod cultures {5 of 27; see text for 

etails). 

BC = blood cultures taken before (O minutes}, during (15 minutes) or after (30 
minutes) transesophageal echocardiography; S. = staphylococcus or streptococcus; 
TEE = transesophageal echocardiography. 


positive blood cultures were considered contaminants. In 
summary, neither these studies nor ours or the one by 
Gorge et al? have shown an incidence of bacteremia 
higher than the expected contamination rate. 

Antibiotic prophylaxis of infective endocarditis is not 
recommended for upper gastrointestinal endoscopy with- 
out biopsy.'? In an evaluation of 41 prospective studies 
of endoscopy-induced bacteremia, Botoman and Sura- 
wicz!° identified only 2 cases of endocarditis in associa- 
tion with upper gastrointestinal endoscopy and found the 
connection between the diagnostic procedure and the 
development of endocarditis unconvincing in both. It 
would be difficult to understand why there should be 
prophylaxis for transesophageal echocardiography but 
not for upper gastrointestinal endoscopy. 
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Prevalence of Cardiac Abnormalities Early in the Course of Systemic 


Lupus Erythematosus 


Vinay K. Bahl, DM, Ramachandran S. Vasan, DM, S. Aradhye, MD, and Anand N. Malaviya, MD 


ardiae lesions involving the endocardium, myo- 
cardiam, pericardium and coronary vessels are 
well described in patients with systemic lupus 
erythematosus (SLE) both in clinical and necropsy stud- 
ies.!-4 However, all these studies have evaluated patients 
with long-standing disease (mean duration 3 to 8 
years).'-3 Infcrmation on cardiac involvement early in 
the course of the disease is lacking. We studied 18 unse- 
lected consecu-ive patients recently diagnosed as having 
SLE for the presence of cardiac abnormalities by echo- 
cardiography. 
The patiert group consisted of 18 subjects with 
SLE (5 men, 13 women with a mean age of 25 + 6 
years [range 13 to 38]). All fulfilled the revised crite- 
ria of the American Rheumatism Association for the 
diagnosis of SE All patients had clinical activity as 
Judged by an activity score® (mean activity score 11 + 
5). The mean duration of illness was 8 + 3 months 
(range 3 to 12). The control group consisted of 20 
healthy subjec’s (6 men, 14 women with a mean age of 
28 + 6 years). They had no history of heart disease, 
systemic hypertension or other medical problems. All 
echocardiographic studies (M-mode, 2-dimensional 
and pulsed Deppler) were performed with an ATL 
ultramark 8 fnaging system by a single observer. 
Widely accepted qualitative and quantitative criteria 
for Doppler evaluation of valvular dysfunction were 
used.’® Diastclic transmitral flow velocities were 
measured durig quiet respiration. Results are ex- 
pressed as mean + standard deviation. Data from 
patients and control subjects were compared by Stu- 
dent et and chi-square tests with correction for conti- 
nuity. No patieat had a history of cardiac symptoms 
or evidence of talvular heart disease or hypertension 
on examination. The systolic/diastolic pressure of pa- 
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tients was 124 + 23/81 + 11 mm Hg and did not differ 
from that of the controls (120 + 12/80 + 6 mm He, 
p= not significant). Echocardiographic indexes of 
both systolic and diastolic function were within nor- 
mal limits (Table I). Pericardial effusion was ob- 
served in 2 patients (11%) but in no control subject. 
No patient had valvular abnormalities such as thick- 
ening or vegetations on 2-dimensional echocardiogra- 
phy. Doppler echocardiography did not reveal valvu- 
lar dysfunction in any patient. 

Valvular abnormalities (regurgitation or vegetations) 
have been described in 18 to 50% of patients with 
SLE.'-3 Diastolic dysfunction has also been well docu- 
mented in SLE.’ The prevalence of these cardiac abnor- 
malities has been reported to be a function of the dura- 


TABLE I Echocardiographic Findings in Patients with Systemic 
Lupus Erythematosus and in Control Subjects 


Control 


Variable Patients Subjects p Value 


Echocardiographic Dimensions (mm) 


Aorta 

Left atrium 

Left ventricle 
End-diastolic 
End-systolic 

Ventricular septum 

Left ventricular posterior 
wall 


indexes of Systolic Function 


LVEF 

Fractional shortening (%) 
Vet (circ/s) 1.5 + 0.3 1.4+06.3 = 
PEP/LVET 0.3+0,1 0.3 + 0.1 


Indexes of Diastolic Function 


EJA 1.5 + 0.3 1.6 + 6.1 
EF slope (cm/s) 474 +139 500+71 te 


Values are expressed as mean + standard deviation. 

A = peak flow Mace A during atrial contraction; E = peak flow velocity of left 
ventricular early diastclic fillirg; EF slope = deceleration rate of peak early diastolic eal 
velocity; LVEF = left ventricu ar ejection fraction; LVET = left ventricular ejection time; 
ke R not significant; PEP = preejection period; Vef = velocity of circumferential fiber 
shortening. 


76£6 
38 +5 


776 
39 +6 = 
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tion of the disease and the age of the patients LZ Cardiac 
abnormalities have thus far not been evaluated in pa- 
tients with SLE at the onset of the disease. In our study, 
the only abnormality we found was pericardial effusion 
in 2 of 18 patients. Hcwever, the number of patients 
studied by us is small and these patients were much 
younger than patients in previous studies.!? These 2 fac- 
tors may have influenced our results. Despite these limi- 
tations, our study indicates that cardiac involvement is 
rare in SLE in the first year of the disease. 
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CASE REPORT 


Focal Myocardial Necrosis Associated with 
Multiple Sclerosis of the Medulla 


Asma Raza-Ahmad, MD, Virgilio Sangalang, MD, Gerald A. Klassen, MD, 


and C. Wiliam McCormick, MD 


debate exists as to the ca- 
pacity of the central nervous 
systen to induce vasospasm 
of resistance vessels in the coronary 
circulation bcth in healthy persons 
and in patients with coronary artery 
disease. A view exists suggesting that 
direct central neural stimulatory ef- 
fects on the coronary arteries are 
minimal! and that central nervous 
system stimulation as occurs in head 
injury results in a generalized auto- 
nomic respons with circulating cat- 
echolamines a7ising from the adrenal 
gland causing toxic damage to the 
myocardium.” A contrasting view is 
that the extensive intrathoracic sym- 
pathetic nervous system that direct- 
ly innervates zhe coronary arteries 
when stimulated can induce myocar- 
dial ischemia, which, if prolonged, 
induces myocardial infarction.? In 
this report, we describe a young 
woman with a orief history of multi- 
ple sclerosis irvolving the medulla 
who presented with myocardial in- 
farction, and s.bsequently died. 
The 21-year-old patient pre- 
sented 2 months before her death 
with recent onzet of paresthesia of 
the right hand and foot, slurred 
speech and diplopia. A clinical di- 
agnosis of multiple sclerosis was 
made and she responded to low- 
dose steroids. Four weeks later she 
suddenly deve'oped severe head- 
ache and rigkt-sided weakness, 
and presented to the emergency 
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ward in respiratory arrest requir- 
ing immediate ventilatory support. 
Blood pressure was 100/60 mm 
Hg, heart rate 50 beats/min and 
spontaneous respiratory rate 8 per 
min. When fluids were adminis- 
tered she developed pulmonary 
edema and multiple ventricular ec- 
topy. Electrocardiogram showed Q 
waves Hr 3 with nonspecific ST and 
T abnormalities. Creatine kinase 
was marginally elevated to 340 U 
and white blood count was 30,000. 
The patient was obtunded and re- 
sponded poorly to therapy. Echo- 
cardiography 12 hours later dem- 
onstrated global akinesia with 
decreased anterolateral and pos- 
terolateral wall motion and an 
ejection fraction of 44%. Serum 
catecholamines were: noradrena- 
line 626 pg/ml (normal 258 + 82) 
and adrenaline 209 pg/ml (normal 
<50). A friction rub was heard. 
Cardiac catheterization 96 hours 
after admission demonstrated nor- 
mal coronary arteries and left ven- 
tricular function. The patient .re- 
sponded to steroid administration 
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with some improvement in the cen- 
tral nervous system state; she con- 
tinued to have tachycardia. A tra- 
cheostomy was performed as she 
required respiratory support. After 
3 weeks of hospitalization she 
again developed hypotension and 
arrhythmia. Her central nervous 
system Status deteriorated and life 
support systems were withdrawn. 
At necropsy the heart was of: 
normal weight (225 g). The left 
ventricle was hypercontracted and 
the myocardium showed a mottled 
subendocardial pallor. There were 
minute focal areas of myocardial 
necrosis and subendocardial hem- 
orrhages that were particularly 
prominent in the papillary muscles 
and trabeculae. All major coro- 
nary arteries and branches were 
normal and widely patent. Micro- 
scopically, the subendocardial pal- 
lor was noted to be mainly due to 
extensive areas of small to larger 
confluent foci of acute myocardial 
necrosis (Figure 1). Small lesions 
were marked by foci of myocytoly- 
sis and contraction -bands (Fig- 
ure 2A). While the predominant 
lesions were acute, subacute to 
chronic lesions characterized by 
slight mononuclear infiltrate and 
early fibrosis were also present 
(Figure 2B). There was no evidence 
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FIGURE 1. Subendocardial myocardium shawing extensive areas of acute necrosis 
(phosphotungstic acid-hematoxylin stain). 
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of vasculitis. Interstitial fibrosis 
was noted and there were some epi- 
cardial lesions. Electronmicros- 
copy showed myofibrillary loss 
and lipofuscin pigment. 

The brain showed extensive 
subacute demyelinating plaques in 
the brain stem and, characteristi- 
cally, a few older periventricular 
white matter lesions. The most se- 
vere lesions were at the caudal end 
of the fourth ventricle in both up- 
per and lower medulla (Figure 3). 
These large geographic areas of 
demyelination involved the nucleus 
ambiguus and dorsal motor vagal 
nuclei, bilaterally. The demyelin- 
ating nature of the lesions was 
confirmed by myelin and axonal 
stains. There were no lesions in the 
hypothalamus. There was no evi- 
dence of avascular lesion or vascu- 
litis in the central nervous system. 

The observation of a large area of 
demyelinating plaques in the region 
of the medulla suggests primary in- 
volvement of the vasomotor center. 
Dampney* demonstrated that spe- 
cific vascular beds are represented 
in the subretrofacial nucleus with 
connections to the nucleus tractus 
solitarius, lateral hypothalamus and 
intermediolateral cell columns. Pre- 
sumably the destruction of the my- 
elin in the medulla led to excessive 
sympathetic stimulation of the coro- 
nary resistance vessels with sufficient 
impairment of coronary blood flow 
that myocardial infarction occurred. 
That central nervous system stimula- 
tion of this magnitude can occur has 
not been heretofore reported in hu- 
mans to our knowledge. 

Direct neural control of the coro- 
nary circulation has been reviewed 
by Feigl> who reported that such 
stimulation decreases coronary blood 
flow, whereas myocardial oxygen de- 
mand is enhanced. Usually, the toxic 
effects of synaptically released nor- 
adrenaline is blunted by myocardial 
release of adenosine.° In our patient 
the intensity of stimulation or lack 
of protective factors was such that 
myocardial necrosis ensued. It is 
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FIGURE 2. A, characteristic microscopic , foci of WS? myoeytolysis and Bee 
bands (Masson trichrome stain). B, foci of subacute necrosis marked by early fibro- 
sis and mononuclear cell infiltrate. 





FIGURE 3. Slide mount of the medulla EC ae geographic areas of demyelin- 
ation involving the nucleus ambiguus and dorsal motor nucleus of the vagus, bilater- 
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Assessment of Left-Sided Valvular Regurgitation 
Ramon Castello, Leonard Fagan, Jr., Patricia Lenzen, 
Anthony C. Pearson, and Arthur J. Labovitz 


CONGENITAL HEART DISEASE 


1681 E HEE RONDE en BAE A eT eee alt y 
Pulmonary Valve-Moderator Band Distance and 
Association with Development of Double- 
Chambered Right Ventricle 

Pierre C. Wong, Stephen P. Sanders, Richard A. 
Jonas, Steven D. Colan, Ira A. Parness, Tal Geva, 
Richard Van Praagh, and Philip J. Spevak 





MISCELLANEOUS 


Acute and Long-Term Effects of Nifedipine on 


CREST Syndrome and Mixed Connective Tissue 
Disease 

Martin A. Alpert, Thomas A. Pressly, Vaskar 
Mukerji, Charles R. Lambert, Basanti Mukerji, 
Hercules Pazayiotou, and Gordon C. Sharp 


1692 

Echocardiographic Assessment of Left 
Ventricular Function and Wall Motion at High 
Altitude in Normal Subjects 

Kazuo Hira-a, Toshihiko Ban, Yousuke Jinnouchi, 
and Shigeru Kubo 


Piero Montersi, Franco Fabbiocchi, Alessandro 
Loaldi, Luca Annoni, Alvise Polese, Nicoletta de 
Cesare, and Maurizio D. Guazzi 
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Gender Differences in Left Ventricular Anatomy, 


Blood Viscosity and Volume Regulatory 
Hormones in Normal Adults 

Giovanni de Simone, Richard B. Devereux, Mary J. 
Roman, Antonello Ganau, Shu Chien, Michael H. 
Alderman, Steven A. Atlas, and 

John H. Laragh 
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Cost-Effectiveness Analysis of the Use of Digoxin 


Immune Fab(Ovine) for Treatment of Digoxin 


Toxicity 
Josephine A. Mauskopf and Thomas L. Wenger 


BRIEF REPORTS 
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Limitations of Testing Methods for Evaluation of 


Dual Chamber Versus Single Chamber Adaptive 


Rate Paciag 
Roy V. Jutzy, Joseph Florio, Dale M. Isaeff, Linda 


Feenstra, Eettye Briggs, and Paul A. Levine 
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Usefulness of Coronary Angiography in Patients 


Requiring Repeat Cardiac Valve Surgery 
G. Hunter Myers, Peter M. Sapin, Michael R. Mill, 
and Avanindra Jain 


1719 

Effectiveness of Balloon Percutaneous 
Valvuloplasty for Stenotic Bioprosthetic Valves in 
Different Positions 

Luis C. Orbe, Nicolas Sobrino, Isabel Maté, Jose 
Oliver, Jose Rico, Araceli Frutos, Francisco 
Dominguez, Jose M. Mesa, and Jose A. Sobrino 
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Clinical Spectrum of Venous Thrombi in the 


Fontan Patient 
Scott E. Fletcher, Christopher L. Case, Derek A. 
Fyfe, and Paul C. Gillette 


1723 


Clinical Characteristics of Patients with Acute 


Pulmonary Embolism 
Paul D. Stein, Herbert A. Saltzman, and John G. 
Weg 


1724 


Lymphoproliferative Disorder Early After Cardiac 


T 
Debbie Rinde-Hoffman, Guillermo B. Cintron, Jane 
E. Ferguson, John C. Toole, and William B. Bugni 


CASE REPORT 
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Appearance of or Persistence of Severe Mitral 


Regurgitation Without Left Ventricular Outflow 
Obstruction After Partial Ventricular Septal 
Myotomy-Myectomy in Hypertrophic 
Cardiomyopathy 

Charles Stewart Roberts, S. David Gertz, Heinrich G. 
Klues, Richard O. Cannon III, Barry J. Maron, 
Charles L. McIntosh, and William Clifford Roberts 
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Alkaline Paper and Preserving the Record 
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Early Detection of Acute Myocardial Infarction by 
Measurement of Mass Concentration of Creatine Kinase-MB 
Johannes Mair, Erika Artner-Dworzak, Anton Dienstl, Peter Lechleitner, 
Bernhard Morass, Jörn Smidt, Ina Wagner, Christof Wettach, and 
Bernd Puschendorf 


Immunoenzymometric measurements of mass concentrations increase the 
diagnostic sensitivity and performance of creatine kinase (CK)-MB in the 
diagnosis of acute myocardial infarction (AMI) when compared with 
measurements of CK-MB activity by immunoinhibition and total CK 
activity measurements. Pathologic increase occurred significantly earlier 
in CK-MB mass concentrations than in CK-MB and CK activity, with a 
median difference of 1 hour each. Before initiating thrombolytic therapy, 
the sensitivity of CK-MB mass was significantly higher than CK-MB 
activity during the 0- to 6-hour period and significantly higher than CK 
activity during the 2- to 4-hour period after the onset of chest pain. 
Consequently, it is often possible to diagnose an AMI on the basis of 
increased CK-MB mass concentrations even at a time when CK and CK- 
MB activities are still within the reference interval. 


9i- Fg a A 
Increased Risk of Death and Cardiac Arrest from Encainide 
and Fiecainide in Patients After Non-Q-Wave Acute 
Myocardial infarction in the Cardiac Arrhythmia Supression 
Trial 

Toshio Akiyama, Yudi Pawitan, Henry Greenberg, Chien-Suu Kuo, Robin 
A. Reynolds-Haertle, and the CAST Investigators 


Whether antiarrhythmic agents exert differential side effects after acute 
myocardial infarction (AMI) between Q-wave AMI (Q-AMI) and non- 
Q-wave AMI (non-Q AMI) is unknown. A total of 2,371 patients (70% 
with Q-AMI, 26% with non-Q AMI, and 4% unknown) entered the 
titration phase with encainide, flecainide and moricizine of the Cardiac 
Arrhythmia Suppression Trial. No significant differences existed between 
Q-AMI and non-Q-AMI patients for death and cardiac arrest rates, 
suppression rate of ventricular premature complexes, and nonrandomiza- 
tion rate. In all, 1,498 patients entered the follow-up phase with encainide, 
flecainide, and their matching placebos. Encainide and flecainide signifi- 
cantly elevated death/cardiac arrest rate in both non-Q-AMI (8.7%, p 
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<0.01) and Q-AMI (7.8%, p = 0.04) patients. However, the relative risk 
for encainide and flecainide over placebo in the non-Q-AMI patients was 
8.7, which was significantly higher than 1.7 for the Q-AMI patients 
(p = 0.03). 


DN i 
Comparative Quantitative Angiographic Analysis of Directional 
Coronary Atherectomy and Balloon Coronary Angioplasty 
Victor A. W. M. Umans, Kevin J. Beatt, Benno J. W.M. Rensing, Walter 
R. M. Hermans, Pim J. de Feyter, and Patrick W. Serruys, with the 
technical assistance of Eline Montauban van Swijndregt 


The immediate and long-term efficacies of coronary atherectomy and 
balloon angioplasty are compared. Quantitative coronary analysis was 
selected as a means for objective assessment of procedural results. Two 
comparable groups of 30 patients who underwent either atherectomy or 
angioplasty were matched for location of stenosis and reference diameter 
with identical baseline stenosis characteristics. Directional atherectomy 
resulted in a twofold increase in mean luminal diameter compared with 
that of balloon angioplasty (1.53 vs 0.77 mm; p <0.0001). At follow-up, 
the decrease in minimal luminal gain was more pronounced in the group 
with atherectomy than in that with angioplasty (0.92 vs 0.35 mm; p 
<0.0009). These results indicate that in matched groups atherectomy 
appears more effective than balloon angioplasty based on the immediate 
result. However, this initial superiority is lost during follow-up. Thus, the 
final utility of directional atherectomy is equal to balloon angioplasty. 


1564 

Ciot-Selective Coronary Thrombolysis with Low-Dose 
Synergistic Combinations of Single-Chain Urokinase-Type 
Plasminogen Activator and Recombinant Tissue-Type 
Plasminogen Activator 

James M. Kirshenbaum, Raymond D. Bahr, John T. Flaherty, Victor 
Gurewich, Herbert J. Levine, Joseph Loscalzo, Richard R. Schumacher, 
Eric J. Topol, Dennis W. Wahr, Eugene Braunwald, and the Pro-Urokinase 
for Myocardial Infarction Study Group 


Simultaneous infusions of low-dose recombinant tissue-type plasminogen 
activator and single-chain urokinase-type plasminogen activator were in- 
vestigated in 23 patients treated within 6 hours of symptoms of an acute 
myocardial infarction. Infarct artery patency at 90 minutes was achieved 
in 16 patients (70%) after a 1-hour intravenous infusion of 20 mg of t-PA 
and 16.3 mg of scu-PA. There were only modest effects on circulating 
coagulation factors. Combination therapy may thus allow substantial 
reductions in total thrombolytic doses while still achieving effective fibrin- 
specific coronary thrombolysis. 
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Effectiveness of Double Bolus Alteplase in the Treatment of 
Acute Myocardial Infarction 

John A. Purvis, Tom G. Trouton, Michael J. D. Roberts, Pascal 
McKeown, Michael G. Mulholland, Gavin W. N. Dalzell, Carol M. Wilson, 
George C. Patterson, Sam W. Webb, Mazhar M. Khan, Norman P. S. 
Campbell, and A. A. Jennifer Adgey 


Fifty-nine consecutive patients presenting within 6 hours of the onset of 
symptoms of acute myocardial infarction were treated with 150 mg of 
soluble aspirin orally, and either 70 or 100 mg of alteplase divided into 2 
intravenous bolus injections separated by 30 minutes. Dosage regimens 
were either 20 followed by 50 mg (group A), 50 mg followed by 20 mg 
(group B), or 50 followed by 50 mg (group C). Coronary arteriography 90 
minutes after the first bolus showed patency rates were 15 of 20 (75%) 
patients in both groups A and B, and 18 of 19 (95%) in group C (overall 
patency rate 48 of 59 (81%), 95% confidence interval 72 to 91%). Al- 
though there was no statistically significant difference in patency between 
the 3 dosage regimens there was a trend toward increased patency at 90 
minutes in group C. No episodes of bradyarrhythmia, hypotension or 
cerebrovascular bleeding were observed after double bolus therapy. There 
were 7 episodes (12%) of reocclusion, and 3 deaths (5%) within 1-month 
follow-up. Double bolus alteplase therapy is a convenient, highly effective 
and safe method of promoting early coronary artery patency. 


LF 5 EE 
Relation of Technetium-99m Pyrophosphate Accumulation to 
Time Interval After Onset of Acute Myocardial Infarction as 
Assessed by a Tomographic Acquisition Technique 

Thomas Krause, Wolfgang Kasper, Andreas Zeiher, Carl Schuemichen, 
and Ernst Moser 


Technetium-99m pyrophosphate (Tc-99m PYP) myocardial scintigraphy 
was performed in 110 clinically stable patients at different times after 
acute myocardial infarction. From data obtained, it is concluded that a 
persisting Tc-99m PYP uptake >1 month after acute myocardial infarc- 
tion is rarely found using the tomographic imaging technique in clinically 
stable patients with coronary artery disease. Positive Tc-99m PYP tomog- 
raphy is a reliable indicator of acute myocardial necrosis. 


1581 

Prognostic Significance of Silent Myocardial Ischemia in 
Variant Angina Pectoris 

Raffaele Bugiardini, Alberico Borghi, Biagio Sassone, Andrea Pozzati, and 
Paolo Puddu 


The present study was undertaken to investigate the short-term (1 month) 
prognostic significance of silent myocardial ischemia in variant angina. 
Accordingly, 48-hour Holter monitoring and coronary angiography were 
performed in 54 patients with transient ST elevation admitted to the 
coronary care unit for worsening of symptoms. Of these patients, 20 had a 
major coronary event (group 1), and the remaining 34 had a good clinical 
outcome (group 2). Overall, only 9% of the ischemic episodes were associ- 
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ated with angina. The duration of ischemia per 24 hours (including both 
ST elevation and depression) was consistently greater in group 1 than in 
group 2. This was in keeping with the observation of = 1 long-lasting (= 10 
minutes) episode of ST elevation in 18 of the 20 patients in group 1 versus 
4 of the 34 in group 2. Most patients in group 1 (16 of 20) had complex 
coronary stenosis due to plaque rupture, which occurred in only 4 of the 34 
patients in group 2. Conversely, coronary artery spasm was frequently 
observed in both groups of patients. Thus, silent myocardial ischemia is an 
important predictor of adverse clinical outcome in variant angina. Spasm 
without plaque disruption has a benign prognosis. 


i eee 
Felodipine (Once Daily) Versus Nifedipine (Four Times Daily) 
for Prinzmetal’s Angina Pectoris 

Diego Ardissino, Stefano Savonitto, Antonio Mussini, Paola Zanini, Alberto 
Rolla, Paolo Barberis, Marco Sardina, and Giuseppe Specchia 


In 30 consecutive patients with Prinzmetal’s angina pectoris, the anti- 
ischemic effect of felodipine administered at doses of 10 and 20 mg once 
daily was compared with that of nifedipine at a dose of 20 mg 4 times 
daily. Twenty-four-hour Holter monitoring was performed during a 2-day 
placebo run-in and at the end of each of 3 consecutive 6-day periods during 
which the 3 active treatments were administered in randomized sequence. 
The therapeutic regimens tested proved to be similarly effective; primary 
end points (ischemic episodes recorded by Holter monitoring, and anginal 
attacks reported on diary cards) occurred in 5 of 27 (19%) patients during 
nifedipine treatment, and in 7 (26%) and 3 (11%) during felodipine 
treatment with 10 and 20 mg, respectively (p = not significant). The 
distribution of residual ischemic episodes demonstrated that treatment 
with felodipine once daily provides 24-hour antiischemic protection. It is 
concluded that for Prinzmetal’s angina pectoris, 24-hour antiischemic 
protection may be achieved with administration of felodipine once daily. 


1593 

Effects of Daily High-iIntensity Exercise on Myocardial 
Perfusion in Angina Pectoris 

lain C. Todd, Michael S. Bradnam, Michael B.D. Cooke, and David 
Ballantyne 


The effect of daily intensive exercise training on myocardial perfusion in 
patients with angina pectoris was studied. Planar thallium scintigraphy 
was used to delineate the ischemic defects before starting exercise training 
and again at 1 year. A significant reduction in the extent of myocardial 
ischemia compared with that in control subjects was demonstrated after 
exercise training. These changes were most marked in the anterolateral 
and apical regions. 
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a a ee ee 
Silent Versus Symptomatic Ischemia During a Thallium-201 
Exercise Test 

Mark |. Travin, Angel R. Flores, Charles A. Boucher, John B. Newell, and 
Paul J. LaRaia 


One hundred thirty-four patients with silent ischemia during an exercise 
test, defined by thallium-201 redistribution, were compared with 134 
age-, sex-, and peak heart rate-matched patients who had symptomatic 
ischemia during the test. Despite equivalent exercise levels, patients with 
silent ischemia had less frequent and less severe ST-segment depression, a 
less frequently abnormal blood pressure response to exercise, and less 
extensive and less severe thallium-201 redistributing defects. Patients with 
silent ischemia were less likely to undergo elective early revascularization, 
but the outcome of the 2 groups in terms of adverse cardiac events was 
otherwise similar. An index combining the extent and severity of thallium- 
201 redistributing defects best predicted early revascularization in the 
group with silent ischemia; the percent maximal predicted heart rate for 
age attained was best predictive in the symptomatic group. For both 
groups, the occurrence of nonfatal myocardial infarction or cardiac death 
was best predicted by a thallium-201 image finding. 


i he 
Experience with Low-Dose Intracoronary Recombinant Tissue- 
Type Plasminogen Activator for Nonacute Total Occlusions 
Before Percutaneous Transluminal Coronary Angioplasty 
Nicholas A. Ruocco, Jr., Jesse W. Currier, Alice K. Jacobs, Thomas J. 
Ryan, and David P. Faxon 


The ability of low-dose intracoronary recombinant tissue-type plasmino- 
gen activator to lyse nonacute occlusive thrombi before angioplasty was 
tested in 12 patients with total occlusions and in 5 with functional total 
occlusions. Mean clinical duration of thrombus was 14.8 + 22 days. There 
was a significant improvement in severity of stenosis after recombinant 
tissue-type plasminogen activator by both digital caliper and quantitative 
videodensitometric area assessment (p <0.004). TIMI flow improved by 
>] grade in 11 patients. This approach warrants further investigation 
because it has the potential to improve the primary angioplasty success 
rate in patients with occlusive thrombi. 


1614 

Comparison of Angiographic Findings and Demographic 
Variables in Patients with Coronary Artery Disease Presenting 
with Acute Pulmonary Edema Versus Those Presenting with 
Chest Pain 

Susan P. Graham and George W. Vetrovec 


One hundred nineteen patients presenting with pulmonary edema were 
compared with 119 patients presenting with chest pain. Left main and 3- 
vessel coronary artery diseases were equally frequent in the 71 patients 
with pulmonary edema and the 93 with chest pain who underwent cathe- 
terization, despite infrequent angina in the first group. More patients with 
pulmonary edema were black, hypertensive and diabetic, but there were 
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INDICATIONS AND USAGE: EMINASE® ANISTRE?LASE, is indicated for use in the management of acute myocardial 
infarction (AMI) in édults, for the lysis of thrombi obstructing coronary arteries, the reduction of Infarct size, the im- 
provement of ventrcular function following AML and the reduction of mortality associated with AMI, Treatment 
should be initiated as soon as possible after the onset of AMI symptoms (sea CLINICAL PHARMACOLOGY). 


CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, EMINASE® is contraindicated in 
the following situations: @ active internal bleeding = history of cerebrovascular accident = recent {within 2 months} 
intracranial or intraspinal surgery or trauma {tee WARNINGS) = intracranial neoplasm, arteriovenous malformation, or 
aneurysm ™ known bleeding diathesis = severe, uncontrolled hypertension. EMINASE® should not be administered 
to patients having experienced severe allergic reactions to either this product or Streptokinase. 


WARNINGS: Bleeding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE® therapy is 

bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 

1. Internal bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ocular, or intracranial sites. 
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punctures, sites of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to 
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dissipated, but whils heparin therapy was continuing. As fibrin is lysed during EMINASE® therapy, bleeding from 

recent puncture sites may occur. Therefore, tt rombolytic therapy requires careful attention to all potential bleeding 

sites (including catheter insertion sites, arteria and venous puncture sites, cutdown sites, and needle puncture sites). 
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necessary following administration of EMINASE®, it is preferable to use an upper-extremity vessel that is accessible 
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m recent (within 1C days} major surgery (eg. coronary artery bypass graft, obstetrical delivery, organ biopsy, 
previous puncture of non-compressible vessels) = cerebrovascular disease m recent gastrointestinal or genito- 
urinary bleeding (within 10 days) ™ recent trauma (within 10 days) including cardiopulmonary resuscitation # hyper- 
tension: systolic BP >180 mmHg and/or diastolic BP >110 mmHg = high likelihood of left heart thrombus Ge o. mitral 

Stenosis with atrial fibrillation} = subacute bacterial endocarditis # acute pericarditis # hemostatic defects including 

those secondary to severe hepatic or renal disease ™ pregnancy ™ age >75 years (Use of EMINASE* in patients 

aver 75 years old has not been adequately studied.) = diabetic hemorrhagic retinopathy or ather hemorrhagic 
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Arrhythmias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias 
{such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular 
tachycardia) are not different from those ofter seen in the ordinary course of acute myocardial infarction and may 
be managed with stzndard antiarrhythmic measures. It is recommended that anfiarrhythmic therapy for bradycardia 
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Laboratory Tests: Intravenous administration of ELAINASE* will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). 
Results of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE* therapy may be 
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Use of Anticoagulants: EMINASE? alone or in ccmbination with antiplatelet agents and anticoagulants may cause 

bleeding complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical 

studies, a majority of patients treated received anticoagulant therapy postdosing with EMINASE® during their hospital 

stay and a minority received heparin pretreatment with EMINASE®. The use of antiplatelet agents increased the inci- 
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Pregoaney {Category C): Animal reproduction studies have not been conducted with EMINASE®. It is also not known 
whether EMINASE® can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity. EMINASE® should be given fo a pregnant woman only if clearly needed, 


Nursing Mothers: It is not known whether EMINASE® is excreted in human milk. Because many drugs are excreted 
in human mitk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE®, 


Pediatric Use: Safety and effectiveness of EMINASE® in children have not been established. 


ADVEASE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 
depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 
therapy. The overall incidence of bleeding in patients treated with EMINASE® in clinical trials (n=5275) was 14.6%, 
with nonpuncture-site bleeding occurring in 10.2%, and puncture-site bleeding occurring in 5.7%, of these patients. 
Bleeding at the puncture site occurred more frequently in clinical triats in which the patients underwent immediate 
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EMINASE* Placebo 
Type of Bleeding {n=500} {n=501}) 
Puncture site 4.6% <1% 
Nonpuncture site hematoma 2.8% <1% 
Hematuria/Genitourinary 24% <1% 
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bleeding occurs, local measures should be taken to contro! the Heed ag {see WARNINGS). 


Cardicvascular: The most frequently reported adverse experiences in EMINASE® clinical trials (n=5275) were 
atrhyhmia/conduction disorders which were reported in 38% of patients treated with EMINASE® and 46% of 
nonthrombolytic control patients. Hypotension occurred in 10.4% of patients treated with EMINASE® compared to 
7.9% for patients who received nonthrombolytic treatment [see WARNINGS). 


Allergu:-lype Reactions: Anaphylactic and anaphylactoid reactions have been observed rately (0.2%) in patients 
treated with EMINASE® and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study), 
These included symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, 
itching, flushing, rashes, and eosinophilia have been occasionally observed. A delayed purpurie rash appearing 
one to two weeks after treatment has been reported in 0.3% of patents. The rash may also be associated with 
arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was 
self-limiting and without long-term sequelae. 


Risk of Viral Transmission: Six batches of EMINASE® (five different batches of Lys-Plasminogen) were used in clinical 

trials designed specifically to monitor possible hepatitis non-A, non-B transmission, No case of hepatitis was 

diagnosed in patients receiving EMINASE*. Lys-Plasminogen is derived from human plasma obtained from FDA 

approved sources and tested for absence of viral contamination, including human immunodeficiency virus type-1 

(HIV-1) and hepatitis B surface antigen. The manufacturing process includes a vapor-heat treatment step for inacti- 
vation of viruses, The entire manufacturing process has also been validated to yield a cumulative reduction of 

>10” fold HIV-1 infectious particles, Le, >10% infectious particles removed by vapor-heat treatment and a cumu- 
jative total of >10" infectious particles removed by the various steps in the purification process. 


Causal Relationship Unknown: Since the following experiences may also be associated with AMI or other therapy, the 
causal relationship to EMINASE® administration is unknown, The following adverse experiences were infrequently 
(<10%) reported in clinical trials: Body as a Whale—chills, fever, headache, shock; Cardiovascular—cardiac rupture, 
chest pain, emboli; Dermatolayy—purpura, sweating; Gastrointestinal—nausea and/or vomiting; Hemic and Lymphatic— 
thrombocytopenia, Metabolic and Nutritional—elevated transaminase levels; Musculoskeleta!—arthraigia: Nervous~- 
agitation, dizziness, paresthesia, tremor, vertigo; Respiratory—dyspnea, tung edema. 

DOSAGE AND ADMINISTRATION: Administer EMINASE® as soon as possible after the onset of symptoms. The recommended 


dose is 30 units of EMINASE* administered only by intravenous injection aver 2 to 5 minutes into an intravenous 
line or vein. 


Reconstitution: 1. Slowly add 5 mL of Sterile Water for injection, USR, by directing the stream of fluid against the 
side o the vial. 2. Gently roll the vial, mixing the dry powder and fluid. De net shake. Try fo minimize foaming. 3. The 
reconstituted preparation is a colorless to pale yellow transparent solution. Before administration, the product should 
be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of the vial. 5. The 
reconstituted solution should not be further diluted befare administration or added to any infusion fluids. No other 
medications should be added to the vial or syringe containing EMINASE® 6. if EMINASE*is not administered within 
30 minutes of reconstitution, it should be discarded. 


HOW SUPPLIED: EMINASE* is supplied as a sterile, lyophilized powder in 30-unit vials. NDC 57294-030-20. 


Storage: Store lyophilized EMINASE® between 2-8°C (36-46°F). Do not use beyond the expiration date printed 
on the vial. 


3, Bassand JP. Cassagnes J, Machecourt J, et al Comparative effects of APSAC and rt-PA on infarct 
size and left ventricular function in acute myocardial infarction. Circulation 1991;84:1107-1117 
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no differences in the results of cardiac catheterization between black and 
white patients. 


1619 

Significance of Signal-Averaged P-Wave Changes During 
Exercise in Patients with Coronary Artery Disease and 
Correlation with Angiographic Findings 

Michael M. Myrianthefs, Myrvin H. Ellestad, Ronald H. Startt-Selvester, 
and Randy Crump 


The maximal P-wave duration was measured in signal-averaged, time- 
aligned leads, on a 12 simultaneous lead electrocardiogram during recov- 
ery of an exercise stress test. The study group consisted of 75 patients with 
angiographically documented stenosis 250% in at least 1 major coronary 
artery, and a control group of 47 with no or minimal coronary atheroscle- 
rosis and normal left ventriculogram. There was a statistically significant 
(p <0.001) increase in P-wave duration throughout recovery in the group 
with coronary artery disease when compared with control subjects. The 
increase in P-wave duration >20 ms was used as an additional parameter 
to the standard criteria for the test interpretation. Sensitivity increased 
from 57 to 75%, with a small decrease in specificity (85 to 77%). It is 
concluded that measurement of the P-wave duration in recovery adds 
diagnostic power for detection of ischemia during exercise. 


1625 

Assessment of Medial Thinning in Atherosclerosis by 
Intravascular Ultrasound 

Elma J. Gussenhoven, Peter A.V. Frietman, Salem H.K. The, Robert J. 
van Suylen, Frans C. van Egmond, Charles T. Lancée, Hero van Urk, Jos 
R.T.C. Roelandt, Theo Stijnen, and Nicolaas Bom 


Intravascular ultrasound was used to examine the inverse relation between 
media and lesion thicknesses. In vitro (40 MHz), the images of 39 muscu- 
lar arteries were compared with the corresponding histologic section. The 
median media thickness was 0.8 mm in the absence of a lesion, decreasing 
to 0.3 mm in the area of maximal atherosclerosis. The ultrasound data 
correlated closely with histologic measurements (0.6 and 0.3 mm, respec- 
tively). In vivo study was performed in peripheral arteries of 29 patients. 
The median media thickness was 0.6 mm in the absence of a lesion, 
decreasing to 0.1 mm in the area with maximal atherosclerosis. This study 
revealed for the first time that in vitro data that show the inverse relation 
between media and lesion thicknesses can be translated to humans. 


KC WEE 
Coronary Hemodynamics and Coronary Flow Reserve After 
Intracoronary Diltiazem in Humans 

Matty C. Vrolix, Dimitris Sionis, Jan H. Piessens, Johan Van Lierde, Jos 
L. Willems, and Hilaire De Geest 


Epicardial coronary artery diameter, coronary blood flow, and coronary 

blood flow velocity were assessed at baseline and after a 0.5 mg intracoro- 

nary bolus of diltiazem in nonstenotic coronary arteries of awake humans. 

Patients were randomized to pretreatment with either placebo or isosor- 

bide dinitrate; coronary flow reserve was measured before and after ad- 
Continued on page A25 
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ministration of diltiazem. Diltiazem resulted in significant increases in 
epicardial diameter and blood flow. Coronary flow reserve decreased 
significantly due to both an increase in baseline blood flow and a decrease 
in papaverine-induced hyperemic flow. The increases in coronary diame- 
ter and blood flow after diltiazem were comparable whether patients were 
pretreated with placebo or nitrates. However, the decrease in flow reserve 
was restricted to patients pretreated with placebo. A diltiazem-induced 
decrease in coronary flow reserve could represent yet another mechanism 
of action of this drug. 


a ee ee 
Regional Myocardial Perfusion and Metabolism Assessed by 
Positron Emission Tomography in Children with Kawasaki 
Disease and Significance of Abnormal Q Waves and Their 
Disappearance 

Muneo Yoshibayashi, Nagara Tamaki, Kenya Nishioka, Masahiko 
Matsumura, Tadashi Ueda, Shinji Terma, Yoshiharu Yonekura, Keiji 
Yamashita, Junji Konishi, and Haruki Mikawa 


To clarify the significance of abnormal Q waves and their disappearance 
in patients with Kawasaki disease, regional myocardial perfusion and 
metabolism were assessed by positron emission tomography (PET) with 
13N-ammonia and !8F-fluorodeoxyglucose, and wall motion by left ven- 
triculography in 14 patients. Almost all regions with abnormal Q waves 
showed abnormal PET findings. PET demonstrated evidence of metabolic 
activity in 57% of regions with persistent and in 67% of those with tran- 
sient abnormal Q waves. There was no significant difference in wall 
motion between regions with persistent and transient abnormal Q waves. 
Persistence of abnormal Q waves on serial electrocardiograms was signifi- 
cantly shorter in metabolically active than in inactive regions. In conclu- 
sion, abnormal Q waves are reliable clues to the presence of ischemic 
myocardial injury. Disappearance of abnormal Q waves does not necessar- 
ily mean normalization of regional perfusion, metabolism or function. 
Their early disappearance may imply metabolically active myocardial 
regions. 


NEE dE E ee 
Usefulness of the Total Cholesterol to High-Density Lipoprotein 
Cholesterol Ratio in Predicting Angiographic Coronary Artery 
Disease in Women 

Mun K. Hong, Philip A. Romm, Kathleen Reagan, Curtis E. Green, and 
Charles E. Rackley 


The relation between lipids and angiographic coronary artery disease 
(CAD) in women was investigated in 108 consecutive women undergoing 
diagnostic coronary angiography (group I) and in 56 women with total 
cholesterol <200 mg/dl (group II). On multivariate analysis, total /high- 
density lipoprotein (HDL) cholesterol ratio was the independent variable 
most predictive of the presence of CAD, defined as 225% narrowing in a 
major coronary artery, in both groups. The ratio was also the best corre- 
late of the extent (number of narrowed arteries) and severity (percent 
maximum stenosis) of CAD in group I, and severity in group II. Neither 
total cholesterol nor triglyceride levels correlated with the presence of 
CAD in both groups. Thus, among women undergoing diagnostic coro- 
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nary angiography, total/HDL cholesterol ratio is the best predictor of 
CAD regardless of the total cholesterol level and should be determined in 
all women being screened for CAD risk. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


ee a. 
Radiofrequency Catheter Ablation of Accessory Pathways: A 
Learning Experience 

Richard A. Leather, James W. Leitch, George J. Klein, Gerard M. 
Guiraudon, Raymond Yee, and You Ho Kim 


Radiofrequency catheter ablation of accessory pathways was attempted in 
an initial series of 75 patients (84 pathways) with the Wolff-Parkinson- 
White syndrome. A conservative approach was used attempting to limit 
fluoroscopy time to 1 hour. Overall success rate of 71% (60 of 84) included 
a success rate of 52% for accessory pathways in the first 3 months of the 
series (n = 23), 60% for the second 3 months (n = 23) and 90% for the 
last 3 months (n = 38). Mean fluoroscopy time of 33 + 21 minutes for 
successful procedures differed from that for unsuccessful ones of 63 + 24 
minutes (p = 0.001). There were no major complications. A conservative 
approach limiting fluoroscopy time to 1 hour for most patients is safe and 
yields success rates approaching 90% after a learning experience. This 
supports the suggestion that ablation may be first-line therapy for patients 
with Wolff-Parkinson-White syndrome. 


1656 

Reduction in Medical Care Cost Associated with 
Radiofrequency Catheter Ablation of Accessory Pathways 
Michael de Buitleir, Joao Sousa, Steven F. Bolling, Rafel El-Atassi, Hugh 
Calkins, Jonathan J. Langberg, William H. Kou, and Fred Morady 


The cost of definitive therapy was compared in 25 patients who underwent 
radiofrequency catheter ablation of accessory pathways in 1990 and 25 
patients who underwent surgical ablation of accessory pathways in 1989. 
All patients had a single accessory pathway except for 2 patients in the 
radiofrequency group and 5 patients in the surgical group each of whom 
had 2 accessory pathways. The success rate of the procedure was 96% in 
each group. Mean duration of hospitalization was 3 + 1 days in the 
radiofrequency group and 9 + 4 days in the surgical group (p <0.0001). 
The total cost of therapy was $14,919 + $6,740 in the radiofrequency 
group compared with $53,265 + $12,755 in the surgical group (p 
<0.0001). Radiofrequency catheter ablation of accessory pathways re- 
sults in a dramatic reduction in the cost of definitive therapy in patients 
with the Wolff-Parkinson-White syndrome. 


Continued on page A28 
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Comparative Cost-Effectiveness Analysis of Quinidine, 
Procainamide and Mexiletine 

Philip J. Podrid, Peter R. Kowey, William H Frishman, Renée J. Goldberg 
Arnold, Diana J. Kaniecki, J. Robert Beck, and Joni R. Beshansky 


Quinidine and procainamide have the potential for major organ toxicity, 
whereas mexiletine has been reported to have little risk of organ toxicity, 
serious proarrhythmia or congestive heart failure, but a relatively high 
incidence of nuisance side effects. In light of the potential adverse effects 
of all antiarrhythmic agents as highlighted by the Cardiac Arrhythmia 
Suppression Trial, the relative cost-effectiveness of quinidine, mexiletine 
and procainamide in patients with symptomatic or malignant ventricular 
arrhythmias, or both, was assessed. Based on a review of > 1,000 published 
reports, studies included in the analysis examined =1 of these agents in 
adults with adequate efficacy or safety data, or both. Thirty-seven sepa- 
rate side effects were included in the analysis. Data were analyzed using a 
decision analysis /cost-effectiveness model. In terms of overall cost, 12 
months of mexiletine would engender $875, quinidine $1,239 and procain- 
amide $1,911 of expenses, suggesting that mexiletine is a cost-effective 
alternative therapy for ventricular arrhythmias. 


CONGESTIVE HEART FAILURE 


T068 EE 
Reproducibility and Relation to Mean Heart Rate of Heart Rate 
Variability in Normal Subjects and in Patients with Congestive 
Heart Failure Secondary to Coronary Artery Disease 

Diederik Van Hoogenhuyze, Norman Weinstein, Gary J. Martin, Jerry S. 
Weiss, John W. Schaad, X. Nader Sahyouni, Dan Fintel, Willem J. 
Remme, and Donald H. Singer 


To assess reproducibility of heart rate (HR) variability and relation to 
HR, HR variability was determined in 2 successive 24-hour ambulatory 
electrocardiograms from 33 normal subjects and 22 patients with conges- 
tive heart failure using 3 methods: (1) standard deviation of all mean 5- 
minute normal sinus RR intervals over 24 hours; (2 mean of the standard 
deviation of all normal sinus RR intervals during successive 5-minute 
periods over 24 hours (SD), and (3) coefficient of variation of the SD, a 
new measure, that compensates for HR changes. Mean HR was signifi- 
cantly higher and HR variability lower in patients with CHF than in 
normal subjects, but considerable overlap occurred. Mean group values 
for HR and HR variability were highly reproducible in both groups (day- 
to-day correlations ranging from 0.87 to 0.97). However, sometimes con- 
siderable day-to-day variation occurred in individual patients with CHF 
and in normal subjects (46 and 51%, respectively), especially those with 
high HR variability. Low HR variability showed less variation. Mean HR 
correlates with HR variability (r = 0.49 to r = 0.63). HR must therefore 
be considered in interpreting HR variability changes. The coefficient of 
variation measure minimizes this problem. 


Continued on page A3) 
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VALVULAR HEART DISEASE 


1677 

Comparison of Transthoracic and Transesophageal 
Echocardiography for Assessment of Left-Sided Valvular 
Regurgitation 

Ramon Castello, Leonard Fagan, Jr., Patricia Lenzen, Anthony C. 
Pearson, and Arthur J. Labovitz 


To compare transthoracic and transesophageal echocardiography in the 
evaluation of left-sided valvular regurgitation, 18 patients who underwent 
both transesophageal and transthoracic echocardiographic studies with no 
change in their clinical status were included in this study. Total agreement 
regarding presence or absence of aortic regurgitation and its severity was 
found in 88 patients (75%). Total agreement in mitral regurgitation grade 
was found in only 74 patients (63%). Differences between transthoracic 
and transesophageal echocardiography in aortic regurgitation evaluation 
appear not to be clinically important. In mitral regurgitation, significant 
differences exist between these 2 techniques, with transesophageal echo- 
cardiography being much more sensitive. These differences are greatest in 
the presence of prosthetic mitral valves. 


CONGENITAL HEART DISEASE 


1681 
Pulmonary Valve-Moderator Band Distance and Association 
with Development of Double-Chambered Right Ventricle 

Pierre C. Wong, Stephen P. Sanders, Richard A. Jonas, Steven D. Colan, 
lra A. Parness, Tal Geva, Richard Van Praagh, and Philip J. Spevak 





The distance between the pulmonary valve anulus and the moderator band 
was measured to quantify the displacement of the moderator band in 
double-chambered right ventricle (DCRV). This measurement was ob- 
tained from the initial echocardiograms of 8 infants with a ventricular 
septal defect (VSD) who eventually developed DCRV, and from those of 2 
age-matched control groups (10 patients with no structural heart disease, 
and 10 with a VSD who did not develop DCRV). The moderator band was 
already significantly displaced toward the pulmonary valve in the initial 
studies of the 8 patients who developed DCRV. The distance between the 
pulmonary valve to the moderator band is easily measured from the 
echocardiogram and appears to identify patients with a VSD at risk to 
develop DCRV. 
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1687 = — > oo 
Acute and Long-Term Effects of Nifedipine on Pulmonary and 
Systemic Hemodynamics in Patients with Pulmonary 
Hypertension Associated with Diffuse Systemic Sclerosis, the 
CREST Syndrome and Mixed Connective Tissue Disease 

Martin A. Alpert, Thomas A. Pressly, Vaskar Mukerji, Charles R. Lambert, 
Basanti Mukerji, Hercules Panayiotou, and Gordon C. Sharp 


To assess the effect of nifedipine on pulmonary and systemic hemodynam- 
ics in patients with pulmonary hypertension and diffuse systemic sclerosis, 
the CREST syndrome and mixed connective tissue disease, cardiac cathe- 
terization was performed just before and after incremental doses of oral 
nifedipine (acute study, n = 10) and 3 to 6 months later with oral nifedi- 
pine therapy (long-term study, n = 6). Nifedipine produced a significant 
decrease in mean pulmonary vascular resistance in both the acute and 
long-term study. The results indicate that oral nifedipine may be effective 
in treating pulmonary hypertension associated with diffuse systemic scle- 
rosis, the CREST syndrome and mixed connective tissue disease. 


1692 _ o 
Echocardiographic Assessment of Left Ventricular Function 
and Wall Motion at High Altitude in Normal Subjects 

Kazuo Hirata, Toshihiko Ban, Yousuke Jinnouchi, and Shigeru Kubo 


The first precise studies of left ventricular (LV) function at an altitude of 
over 5,000 m by 2-dimensional echocardiography were performed. The 
subjects were 11 climbing members (aged 21 to 43 years) of the Kyoto 
University Medical Research Expedition of Xixabangma (8,027 m) in 
1990. Examinations were performed at sea level, at the base camp (5,020 
m), and twice at the advanced base camp (5,650 m). At high altitude, 
heart rate increased to 136% of the sea level value, but gradually decreased 
in the degree of increment after acclimatization. LY end-diastolic volume 
decreased significantly by 70%. In the early stage at high altitude, mean 
rate of circumferential fiber shortening, ejection fraction and % fractional 
shortening were significantly augmented and showed little change during 
the long-term stay. Regional wall motion at high altitude (measured by 
the centerline method) decreased at the septal wall due to hypoxic pulmo- 
nary hypertension. However, LV posterolateral wall motion showed a 
compensatory increase. 


1698 

Coronary Adrenergic Hyperreactivity in Patients with 
Syndrome X and Abnormal Electrocardiogram at Rest 
Piero Montorsi, Franco Fabbiocchi, Alessandro Loaldi, Luca Annoni, 
Alvise Polese, Nicoletta de Cesare, and Maurizio D. Guazzi 


Changes in coronary blood flow (thermodilution) and epicardial arterial 
diameter (quantitative angiography) in response to adrenergic stimulation 
with cold pressor test (before and after propranolol) were investigated in 
patients with syndrome X with normal electrocardiegram at rest (group 1: 
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17 patients), and negative T waves in the anterior leads (group 2: 22 
patients). The systemic hemodynamic response to cold pressor test was 
similar in both groups. Group 1 had vasodilatation of both micro- (coro- 
nary flow increase and resistance decrease) and macrocirculation (diame- 
ter increase of the distal coronary segment), whereas group 2 had opposite 
changes. After propranolol, group | had a similar vasomotor response to 
cold stimulus, whereas the vasoconstrictor response of group 2 appeared to 
be tempered by the drug. Thus, patients with syndrome X and negative T 
waves in electrocardiogram at rest had a coronary vasoconstrictor re- 
sponse of the small epicardial arteries and arterioles to adrenergic influ- 
ences; propranolol is not detrimental, but may even be beneficial. 


1704 

Gender Differences in Left Ventricular Anatomy, Blood 
Viscosity and Volume Regulatory Hormones in Normal Adults 
Giovanni de Simone, Richard B. Devereux, Mary J. Roman, Antonello 
Ganau, Shu Chien, Michael H. Alderman, Steven A. Atlas, and 

John H. Laragh 


Correlates of gender differences in blood viscosity and left ventricular 
(LV) anatomy were studied in 110 normotensive adults. LV wall thick- 
nesses and mass were positively related to blood viscosity, because of 
higher values in both variables in men. LV chamber size was inversely 
related to blood viscosity, especially among women. Aging increased the 
gender difference in blood viscosity, associated with increased LV cham- 
ber size and fractional shortening in women and a diminished gender 
difference in LV mass. With increasing age, atrial natriuretic factor 
increased and plasma renin activity decreased in women (p <0.001 and p 
<0.02), but not in men. Thus gender differences in LV anatomy and blood 
viscosity are interrelated; with aging, normal women exhibit LV and 
hormonal changes compatible with volume expansion, which may contrib- 
ute to the known increase in LV mass and loss of cardioprotection. 


1709 

Cost-Effectiveness Analysis of the Use of Digoxin Immune 
Fab(Ovine) for Treatment of Digoxin Toxicity 

Josephine A. Mauskopf and Thomas L. Wenger 


Each year many patients have digitalis toxicity severe enough to require 
extensive hospital treatment. Digoxin immune Fab(ovine)—Fab fragments 
have been shown to reverse digitalis toxicity and substantially reduce the 
risk of death. We derive estimates of the difference in clinical outcomes 
and medical care costs when treating with this new drug. Treatment with 
Fab fragments is generally associated with an increase in total medical 
care costs for seriously toxic patients because more of them survive the 
toxic episode and require additional medical care before discharge from 
the hospital. For these patients, the estimated cost per life-year saved is 
between $1,900 and $5,400. When Fab fragments are used to treat less 
seriously toxic patients, total medical care costs decrease because of an 
estimated decreased number of days in the coronary care unit and de- 
creased use of pacemakers and other aggressive treatments. 


Continued on page A39 


ABSTRACTS A35 








IC 


contrast 
rently 


inhibi 
gulat 


ion, 


> 


ss than 
rast 


ing 


lott 


reported 
yd 


ı contact 


yes 


H 


iedia 





ł 


f 


ICQ 





nary 





idations. 











CONTENTS/ABSTRACTS 


BRIEF REPORTS 


1715 

Limitations of Testing Methods for Evaluation of Dual 
Chamber Versus Single Chamber Adaptive Rate Pacing 
Roy V. Jutzy, Joseph Florio, Dale M. Isaeff, Linda Feenstra, Bettye 
Briggs, and Paul A. Levine 


s lr d: e E 
Usefulness of Coronary Angiography in Patients Requiring 
Repeat Cardiac Valve Surgery 

G. Hunter Myers, Peter M. Sapin, Michael R. Mill, and Avanindra Jain 


1719 

Effectiveness of Balloon Percutaneous Valvuloplasty for 
Stenotic Bioprosthetic Valves in Different Positions 

Luis C. Orbe, Nicolas Sobrino, Isabel Maté, Jose Oliver, Jose Rico, Araceli 
Frutos, Francisco Dominguez, Jose M. Mesa, and Jose A. Sobrino 


II a I O 
Clinical Spectrum of Venous Thrombi in the Fontan Patient 
Scott E. Fletcher, Christopher L. Case, Derek A. Fyfe, and Paul C. Gillette 


1723 

Clinical Characteristics of Patients with Acute Pulmonary 
Embolism 

Paul D. Stein, Herbert A. Saltzman, and John G. Weg 


1724 

Lymphoproliferative Disorder Early After Cardiac 
Transplantation 

Debbie Rinde-Hoffman, Guillermo B. Cintron, Jane E. Ferguson, John C. 
Toole, and William B. Bugni 


CASE REPORT 


pO e EE 
Appearance of or Persistence of Severe Mitral Regurgitation 
Without Left Ventricular Outfiow Obstruction After Partial 
Ventricular Septal Myotomy-Myectomy in Hypertrophic 
Cardiomyopathy 

Charles Stewart Roberts, S. David Gertz, Heinrich G. Klues, Richard O. 
Cannon Ill, Barry J. Maron, Charles L. Mcintosh, and 

William Clifford Roberts 


FROM THE EDITOR 


1729 
Alkaline Paper and Preserving the Record 
William C. Roberts 
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Early Detection of Acute Myocardial Infarction 
by Measurement of Mass Concentration of 
Creatine Kinase-MB 


Johannes Mair, MD, Erika Artner-Dworzak, MD, Anton Diensti, MD, Peter Lechleitner, MD, 
Bernhard Morass, Jorn Smidt, Ina Wagner, Christof Wettach, and Bernd Puschendorf, MD 





The diagnostic sensitivity and performance of 
immunoenzymometric measurements of creatine 
kinase (CK)-MB mass cencentrations in the early 
diagnosis of acute myocardial infarction (AMI) 
were examined and compared with the sensitiv- 
ities and performances of CK and CK-MB activi- 
ty, in the context of simultaneous measurements 
of CK, CK-MB activity, and CK-MB mass con- 
centrations in serially drawn blood samples ob- 
tained immediately from 36 patients with AMI 
and 126 patients with chest pain on admission to 
the emergency room of the department of inter- 
nal medicine. In the 36 patients with AMI, who 
were all admitted no later than 4 hours after the 
onset of chest pain, pathologic increase occurred 
significantly earlier in CK-MB mass than in both 
CK and CK-MB activity, with a median differ- 
ence of 1 hour each. In patients coming to the 
emergency room (51 with AMI, 51 with angina 
pectoris and 24 with chest pain not related to 
coronary artery disease), CK-MB mass was the 
best diagnostic measurement for AMI of all 
markers tested (significantly higher efficiency, 
Youden index and likelihood ratio than both CK 
and CK-MB activity). Before initiating thrombo- 
lytic therapy, the sensitivity of CA-MB mass is 
significantly higher than CK-MB activity during 
the Q- to 6-hour period and significantly higher 
than CK activity during the 2- to 4-hour period 
after the onset of chest pain. Consequently, it is 
often possible to diagnose an AMI on the basis 
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of increased CK-MB mass concentrations even 
at a time when CK and CK-MB activities are still 
within the reference interval. 

(Am J Cardiol 1991;68:1545-1550) 


(AMI) has traditionally been based on the triad 

of characteristic chest pain, specific electrocar- 
diographic abnormalities and increased serum concen- 
trations of cardiac enzymes, especially creatine kinase 
(CK) isoenzyme-MB. Thrombolytic therapy requires 
an early detection of a suspected AMI, because the 
success rate of recanalization decreases proportionally 
to the time elapsed between attack and treatment.! In 
addition, rapid and reliable diagnosis will be increasing- 
ly important for correct triage of patients into various 
hospital areas for the appropriate degree of care. How- 
ever, because the differential diagnostic value of chest 
pain is limited? and the electrocardiographic changes 
have varying degrees of sensitivity>~> and specificity,®’ 
measurement of serum enzymes as a reflection of myo- 
cardial cell damage plays an important role in the diag- 
nosis of an AMI in patients with a nondiagnostic elec- 
trocardiogram. At present, immunoinhibition assays for 
CK-MB activity are widely used in emergency labora- 
tories because they are easy to handle, ideally suited for 
automation and provide results rapidly. The presence 
of atypical CK forms and adenylate kinase activities in 
serum may lead to false-positive results. Moreover, 
CK-MB activity in serum does not increase until the 
fourth to eighth hour after the onset of chest pain,? and 
therefore lacks the desirable degree of sensitivity during 
the early stages of AMI. Instead of quantifying enzyme 
activity, recently introduced 2-site immunoenzymomet- 
ric assay measures the CK-MB isoenzyme concentra- 
tion itself by one antibody binding to its M-subunit and 
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the other binding to its B-subunit.!%!! Most of these 
highly specific immunoassays for CK-MB can be used 
for rapid determinations. The purpose of the present 
study was tc determine whether improvements in ana- 
lytic sensitivity by measurements of CK-MB mass con- 
centration will produce a diagnostically more sensitive 
marker with improved diagnostic performance for the 
early detection of AMI. 


METHODS 

Patients: The study was performed in 2 parts. 

PART 1: The object of the first part of our study was 
to identify existing differences in the time courses of 
CK-MB mass, CK and CK-MB activity in plasma af- 
ter AMI. Thirty-six patients (23 men and 13 women) 
ranging in age from 40 to 83 years (median 61) pre- 
sented to the hospital’s coronary care unit within 4 
hours (range 0.5 to 4, median 2 hours) after the onset 
of symptoms and gave informed consent for extra blood 
samples to be drawn. All patients subsequently proved 
to have sustained an AMI (32 Q-wave and 4 non-Q- 
wave myocasdial infarctions, and 16 anterior and 20 
inferior wall infarctions). Myocardial infarction was di- 
agnosed by £ cardiologist according to World Health 
Organisation criteria!* without having recourse to CK- 
MB mass results. Eighteen patients received intrave- 
nous streptoknase (1.5 million U in 60 minutes), 1 pa- 
tient intraverous urokinase (2 million U in 10 to 15 
minutes), 15 patients were given intravenous recombi- 
nant tissue-type plasminogen activator after a bolus of 
10 and 50 mg initially during the first hour and 20 mg 
each during tne second and third hours after admission. 
Two patients did not receive thrombolytic treatment 
because of centraindications. All patients additionally 
received routme coronary care and were treated with 
intravenous heparin, acetylsalicyclic acid, nitrates, occa- 
sionally 8 blockers and antiarrhythmic drugs as needed. 
Peripheral venous blood samples were collected from 
an indwelling forearm catheter before starting therapy 
in the coronacy care unit, hourly for the first 10 hours, 
then at 12, 16 20, 24, 32, 40 and 48 hours after admis- 
sion, and daity until the seventh day. Patient care re- 
quirements cccasionally prevented the taking of a 
sample. 

According to recent findings,!? coronary angiogra- 
phy was perfcrmed only selectively, usually several days 
after admissicn. This means that the occurrence of re- 
perfusion in Q-wave infarction could not be document- 
ed directly by coronary angiography but had to be in- 
ferred from less definitive noninvasive indicators, such 
as the combired analysis of CK and CK-MB activity 
release kinetics. Reperfusion of the infarct-related ar- 
tery in Q-wave infarction results in a more rapid in- 
crease in CK and CK-MB and in early peaks of both 
proteins. !4!5 Early reperfusion was assumed to have oc- 


curred if there was both a CK-MB activity peak within 
14 hours and a CK peak within 16 hours after the onset 
of chest pain.!© According to these criteria, 22 of 30 
patients with Q-wave infarction and thrombolytic ther- 
apy were classified as “reperfused early.” 

PART 2: The second part of the study evaluated the 
diagnostic performance of CK-MB mass concentration 
measurements for the early, diagnosis of AMI in pa- 
tients in the emergency room (department of internal 
medicine) complaining of chest pain as their major 
symptom. The study population of 126 patients there- 
fore did not include cases of chest contusion or trauma. 
Fifty-one patients subsequently proved to have sus- 
tained an AMI (according to criteria mentioned, medi- 
an delay from the onset of chest pain to admission, 2.25 
hours; range 0.5 to 14.5). Twenty-six patients sustained 
a Q-wave (median delay; 1.75 hours; interquartile 
range 1 to 3.5) and 25 a non-Q-wave myocardial in- 
farction (median delay; 4 hours; interquartile range 1 to 
7.15). Fifty-one patients presented with angina pectoris. 
A further 24 patients had chest pain not related to cor- 
onary artery disease (3 cases of supraventricular tachy- 
cardia, 4 pneumonia with pleurisy, 1 obstructive pulmo- 
nary disease, 4 musculoskeletal disorders, 3 pericarditis, 
6 pulmonary embolism, 2 esophagitis and 1 case of hy- 
pertensive crisis). In these patients a single blood sam- 
ple was drawn immediately after admission. All pa- 
tients received routine emergency treatment. All pa- 
tients with AMI were transferred to the coronary care 
unit before initiating thrombolytic therapy. None of 
these patients had received thrombolytic therapy before 
admission to the hospital. 

Laboratory analysis: BLOOD COLLECTION: Blood was 
collected in ethylenediaminetetraacetate coated tubes. 
CK and CK-MB activities were assayed without delay. 
Blood samples for the measurement of CK-MB mass 
concentrations were centrifuged immediately and the 
plasma subsequently frozen and stored at -20°C until 
determination. 

CK and CK-MB activity: CK and CK-MB activities 
were measured by means of an N-acetylcysteine-acti- 
vated, optimized ultraviolet test from Merck (Darm- 
stadt, Federal Republic of Germany). CK-MB activi- 
ties were determined by immunoinhibition, based on 
the presence of CK M-subunit antibodies. The upper 
limits of the reference interval of CK are 70 U/liter for 
women and 80 U/liter for men; the normal range of 
CK-MB activity is <10 U/liter. CK-MB activities of 
>10 U/liter and >6% of an increased CK total activity 
were assumed to indicate myocardial muscle cell 
damage. 

CK-MB mass concentration: CK-MB mass was 
measured by a microparticle enzyme immunoassay 
(Abbott, Abbott Park, Illinois) for use with the Abbott 
IMX™ automated analyzer." This assay has been de- 
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scribed in detail elsewhere.!° The analyzer can process 
a single specimen in 34 minutes and 24 specimens in 37 
minutes. The reference interval (<7 g/liter) was 
established in plasma specimens of 100 apparently 
healthy blood donors (no history of cardiovascular dis- 
eases; 41 men and 59 women; age 19 to 65 years, medi- 
an 44), 

Data analysis: Median, interquartile range and per- 
centiles were calculated to describe continuous vari- 
ables. The association between continuous variables was 
analyzed by the Spearman rank correlation test. The 
Wilcoxon signed-rank and chi-square tests (or Fisher’s 
exact test where appropriate) were used for between- 
group comparison. Bonferroni adjustment of the p val- 
ue for multiple comparison was used for between-group 
comparison of >2 groups. Confidence intervals were 
calculated according to Gardner and Alan 18 A p 
value <0.05 was considered significant. Sensitivity, 
specificity, efficiency, positive predictive value, negative 
predictive value, likelihood ratio and Youden index 
(sensitivity + specificity — 1) were calculated to de- 
scribe the performance of CK-MB mass concentra- 
tions, CK and CK-MB activity in the diagnosis of AMI 
in emergency room patients.!°-2! Receiver-operating 
characteristic curves were constructed to discriminate 
between AMI and no AMI in these patients. 


RESULTS 

Comparison of time courses of CK-MB mass, CK- 
MB activity and CK activity in acute myocardial infarc- 
tion: Criteria describing the release kinetics of CK-MB 
mass concentrations, CK and CK-MB activity in part 1 
AMI patients are listed in Table I. Pathologic increase 
occurred significantly earlier in CK-MB mass than in 
CK-MB activity (p = 0.0001) and CK activity (p 
= 0.0033). The median difference between the first ap- 
pearances of CK-MB mass and activity was 1 hour 
(95% confidence interval, 1 to 2 hours), the median 


FIGURE 1. Diagnostic sensitivity of cre- 
atine kinase (CK)-MB mass, CK-MB and 
CK activity during the first hours after the 
onset of symptoms (patients receiving 
thrombolytic treatment inchided). The fig- 
ure is based on the time courses of 36 pa- 
tients with acute myocardial infarction 
(AMD (32 Q-wave, 4 non-Q-wave AMI) 
presenting within 4 hours after the onset 
of symptoms. Thirty patients with Q-wave 
AMI received intravenous thrombolytic 
treatment, which resulted in early reperfu- 
sion in 22. The lowest value of each inter- 
val was inchided in the calculation of the 
cumulative frequency of increased values. 
Asterisks indicate significant (p <0.05) 
difference from both CK and CK-MB ac- 
tivity at a given time. 


cumulative frequency (%} 
of increased values 











TABLE I Release kinetics of CK, CK-MB Activity and CK-MB 
Mass Concentration in 36 Patients with Acute Myocardial 
Infarction 


CK-MB 
Activity 


CK-MB Mass CK Activity 


7 g/liter 10 U/liter 
3.75 5 4.75 
(4-6) (3.5-5.25) 


Cutoff value 70 U/liter 


Time to first increased 
plasma values (hours) (3—4) 
Time to peak (hours) 12 12.25 13 
(10.5-14.25) (11-14.25) (11.5-15.75) 
Return to normal (hours) 74 53 74 
{50-80} (36-76) (56-96) 
Period of increased 69 50 68 
plasma values (hours) (33-72) (45-90) (46-78) 
Magnitude of increase 32.9 4.5 7 


(21.6-69.3) {3.9-7.7} (4.3-12) 
First appearance in blood, time to peak values and time of return to normal are 
calculated for the onset of symptoms. Data given are median and 95% confidence 
interval of the median (in parentheses). The magnitude of increase was calculated by 
dividing peak values by cutoff values. Thirty patients with Q-wave AMI received 
intravenous thrombolytic treatment, which resulted in early reperfusion n 22. 
CK = creatine kinase. 


difference between CK-MB mass and CK activity was 
i hour (95% confidence interval, 0 to 2 hours). The 
sensitivity over time of CK, CK-MB activity and mass 
concentrations in these patients is shown in Figure 1. 
The median peak values of all tested markers occurred 
early after admission owing to the high percentage 
(73%) of patients with Q-wave AMI with early reper- 
fusion. There was no significant difference in the time 
to peak values of CK-MB mass and activity. The time 
courses of CK-MB mass concentration after AMI con- 
trasted more strongly with the normal range than CK 
and CK-MB activities measured in the same patients. 
Although the magnitudes of increase (calculated as 
peak value divided by cutoff value) of CK-MB mass 
compared with CK-MB activity (r = 0.93, p <0.0001) 
and CK-MB mass compared with CK activity (r = 
0.84, p <0.0001) correlated well, there was a much 
higher (p = 0.0001) increase in CK-MB mass than in 
both of the other markers (see Table I). The correlation 


zc CK activity 
ch _ CKMB activity 
ier CKMB mass 


3 4 5 6 7 8 9 10 11 12 
hours after the onset of symptoms 
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TABLE ii Dis=ribution of CK-MB Mass, CK and CK-MB Activity 
in Emergency Zoom Patients Investigated 


CK-MB Mass CK-MB Activity CK Activity 
(g/liter) (U/liter) (U/liter) 


Acute myocardal 11.7 68 
infarction (§.3-31.7) (47-142) 
Angina pectoris 2.7 37 
(2,1-4.1) (26-68) 
Chest pain, no CAD 2.4 33 
(1.2~5.2) (15-59) 


Diagnosis 


Data given are metian and meane range (in parentheses). 
CAD = coronary eatery disease; CK = creatine kinase. 


found in patients with AMI between maximal CK-MB 
mass concentrations and maximal CK activity values 
was 0.84 (p <0.0001), and between maximal CK-MB 
mass and actwity, 0.93 (p <0.0001). The period with 
increased plasma concentrations of CK-MB mass after 
AMI, which allowed a diagnosis based on increased 
biochemical markers, was significantly (p = 0.0031) 
longer than that of CK-MB activity (Table I). The cor- 
relation coefficients between CK-MB mass and activity 
time courses im individual patients ranged from 0.72 to 
0.98 (median 0.91). 

Diagnostic performance of CK-MB mass and activi- 
ty and CK ac-ivity to detect acute myocardial infarc- 
tion in emergency room patients with chest pain: The 
prevalence of AMI was 0.4 (pretest odds 0.68). Table 
II lists the distribution of CK-MB mass, CK and CK- 
MB activity in the emergency room patients studied. 
The receiver-coerating characteristic curves (Figure 2) 


worthless test 


sensitivity (true positives} 


total CK activity 
CKMB activity 
CKMB mass 


0,0 0,2 0,4 0,6 0,8 1,0 


false positives (1-specificity) 


FIGURE 2. Recewer-operating characteristic curves for the 
discrimination between acute myocardial infarction (AMI) and 
no AMI and in ermergency room patients with chest pain. 
Curves based on 126 emergency room patients (department 
of internal medicine). The prevalence of AMI was 0.4. The 
equation sensitivity of 1—specificity is represented as a 
straight diagona’ line and indicates a worthless test. The 
larger the deviation from this line (and the larger the area un- 
der the receiver-eperating characteristic curve) the better the 
discriminative power of the test under scrutiny. 
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TABLE lil Comparison of CK, CK-MB Activity and CK-MB 
Mass Concentrations for Diagnosing Acute Myocardial Infarction 
in Patients with Chest Pain on Admission to the Emergency 


Room 


Cutoff value 
Sensitivity 


Specificity 


Positive predictive value 


Negative predictive value 


Efficiency 


Youden index 


Likelihood ratio 


7 pB/liter 
0.57 
(0.48—0.66) 
0.95 
(0.91—-0.99) 
0.88 
(0.82—-0.93) 
0.76 
(0.69-0.83) 
0.78 
(0.72-0.86) 
0.52 
(0.43—0.61) 
11.4 
(5.5-17.3) 


CK-MB 
Activity 
10 U/fliter 
0,32 
(0.24—0.4) 
0.92 
(0.87—-0.97) 
0.72 
(0.53-0.91) 
0.66 
(0.58-0.74) 
0.67 
(0.59-0.75) 
0.24 
(0.17-0.31) 
4 
(1.6-6.4) 


Total CK 
Activity 

70 U/liter 
0.44 
(0.35-0.53) 
0.82 
(0.75-0.89) 
0.63 
(0.53-0.71) 
0.68 
(0.6~-0.76) 
0.67 
(0.59—0.75) 
0.26 
(0.18-0.34) 
25 
(1.8-3.2) 





Data are based on 126 emergency room patients (department of internal medicine). 
The prevalence of acute rryocardial infarction was 0.4 (pretest odds 0.68). Ninety-five 
percent confidence intervals are ziven in parentheses. 

CK = creatine kinase. 





prove the higher discriminative power of CK-MB mass 
concentration. The CK-MB mass cutoff value, 7 ug/ 
liter, established in healthy blood donors yields a desir- 
able sensitivity (0.57) and specificity (0.95). Various in- 
dicators describing the performance of a diagnostic test 
are listed in Table III. The sensitivity, positive predic- 
tive value, efficiency, Youden index and likelihood ratio 
of CK-MB mass concentrations were significantly (p 
<0.05) higher than those of both CK and CK-MB ac- 
tivity. The CK-MB mass assay produced false-positive 
results in 6 patients, of whom 1 had severe congestive 
heart failure (14.9 yg/liter), 1 had myocarditis (20.9 
pg /liter), 1 had hypertensive crisis (8.2 g/liter), 1 had 
cardiomyopathy with direct-current countershock ther- 
apy because of ventricular fibrillation (73.2 ug/liter) 
and 3 had severe angina at rest (8.1, 9.1 and 7.3 
ug/liter). CK-MB activities measured in the same 
blood samples were within the normal range in all 
but 1 patient (direct-current countershock therapy: 13 
U/liter). Subgroup analysis of the sensitivities of CK- 
MB mass, CK and CK-MB activity in the diagnosis of 
non-Q-wave AMI yields sensitivities of 0.68 (CK-MB 
mass), 0.24 (CK-MB activity) and 0.54 (total CK ac- 
tivity). The difference between CK-MB mass and ac- 
tivity (mean 0.43, 95% confidence interval 0.19 to 
0.67) was significant (p = 0.003), whereas there was no 
significant difference between CK-MB mass and CK 
activity sensitivities (mean 0.14, 95% confidence inter- 
val —0.11 to 0.39). 

Comparison of CK-MB mass, CK and CK-MB ac- 
tivity sensitivities before initiating thrombolytic thera- 
py: Sensitivities of CK-MB mass, CK and CK-MB ac- 
tivity during the early stages of AMI before initiating 


DECEMBER 15, 1991 


thrombolytic treatment are listed in Table IV. This ta- 
ble is based on the combined analysis of the data of the 
emergency room patients investigated and on those 
blood samples of part 1 AMI patients that were ob- 
tained on admission to the coronary care unit before 
thrombolytic treatment. Patients after cardiopulmo- 
nary resuscitation or direct-current countershock thera- 
py were also excluded from data analysis. CK-MB 
mass was significantly (p <0.05) more sensitive than 
CK-MB activity for the first 6 hours and significantly 
(p = 0.005) more sensitive than CK activity from the 
second to the fourth hour after the onset of chest pain. 


DISCUSSION 

Published reports contain contradictory accounts of 
the relation between the mass concentration of CK iso- 
enzyme-MB and its activity. Al-Sheik et al?* and 
Dods*? found evidence suggesting that CK-MB mass is 
diagnostically more sensitive, whereas other investiga- 
tors?4-26 report no significant difference. On the basis of 
more extended and frequent sampling than was under- 
taken in previous research, the present study demon- 
strates a statistically significant and clinically relevant 
difference in the first appearances of CK-MB mass and 
CK or CK-MB activity in blood after AMI and throm- 
bolytic therapy. Reperfusion could be expected to alter 
the release kinetics of CK and CK isoenzymes by the 
washout of enzyme released from injured myocytes. 
However, the goal must be to diagnose AMI before 
initiating thrombolytic therapy. Therefore, we tested 
the sensitivity of CK-MB mass concentrations, CK and 
CK-MB activities in blood samples obtained before 
thrombolytic therapy. CK-MB mass was significantly 
more sensitive than CK-MB activity for the first 6 
hours and significantly more sensitive than CK activity 
from the second to the fourth hour after the onset of 
chest pain. There was no significant difference in the 
time to peak values of CK-MB mass and activity, 
which was consistent with the findings of other investi- 
gators.2>°6 The same patients were tested for all 3 bio- 
chemical markers, which cancelled possible biases dis- 
torting the results (Oe, delay between attack and treat- 
ment, different therapies, size and site of infarction, 
etc. ). 

The second part of the study tested the clinical rele- 
vance to the emergency physician of increased sensitiv- 
ity of CK-MB mass concentration during evolving 
myocardial infarction. Of all 3 markers tested, CK-MB 
mass was most likely to detect AMI in emergency 
room patients with chest pain. CK-MB mass is superior 
to CK-MB activity also in the more difficult diagnosis 
of non-Q-wave AMI. Although maximal Youden in- 
dexes (0.39, 0.36 and 0.55) were found at cutoff values 
of 43 U/liter (CK), 6 U/liter (CKMB) and 4.6 
ug/liter, the CK and CK-MB activity cutoff values 





TABLE IV Comparison of Sensitivity of CK-MB Mass, CK and 
CK-MB Activity in Early Stages of Myocardial! Infarction Before 
Thrombolytic Treatment 


Delzy Onset of 
Symptoms to Blood 
Sampling 


Total CK 


CK-MB Mass CK-MB Activity Activity 


0.25 
(0.12—0.38) 
0.71 
(0.55-0.87) 
>4and <6hours 1.0 
(0.76—1.0) 


0.13 
{0.02-0.23) 
0.32 
(0.16—0.48) 
0.83 
(0.55—0.95) 


0.05 
{0.0—0.12) 
0.23 
(0.08-0.38) 
0.33 
(0.14-0.61) 


<2 hours 


>2and <4 hours 


Calculated sensitivities are based on cutoff values 7 wg/liter (CK-MB mass), 10 
U/liter (CK-MB activity) and 70 U/titer (CK activity), Ninety-five percent confidence 
intervals are given in parentheses. Blood samples obtained from patients after 
cardiopulmonary resuscitation, direct-current countershock or thrombolytic therapy 
were exciuded from data analysis. 

CK = creatine-kinase. 


recommended by the assay’s manufacturer and a CK- 
MB mass cutoff value of 7.0 ug/liter should be used to 
reduce the rate of false-positive results. The specificities 
of CK-MB and CK will contrast more strongly in a 
population including patients with skeletal muscle inju- 
ry, such as trauma, burns and surgery. Four patients (2 
with severe angina at rest, 1 in hypertensive crisis, 1 
with severe congestive heart failure) had moderately in- 
creased CK-MB mass concentrations, whereas CK- 
MB activities measured in the same patients were with- 
in the normal range. These 4 patients were not diag- 
nosed as having sustained an AMI by the Clinician and 
were classified as “false-positive,” causing a decrease in 
the specificity of CK-MB mass. Whether slightly in- 
creased CK-MB mass values in these patients reflect 
microinfarcts or disseminated heart muscle cell damage 
missed by electrocardiography and CK-MB activity re- 
mains to be elucidated. 

Thrombolytic therapy for AMI requires an accurate 
early marker. CK and CK-MB assays do not reliably 
diagnose AMI for the first 2 hours after the onset of 
chest pain. The sensitivity of CK-MB mass concentra- 
tions, on the other hand, is sufficiently high during the 
2- to 6-hour period and makes possible the diagnosis of 
an AMI even at a time when CK and CK-MB activi- 
ties are still within the reference interval. Rapid deter- 
mination of CK-MB mass is already commercially 
available. Because some tests — including the one used 
in the present study — are totally automated and take 
approximately 30 minutes, they are ideally suited for 
use in an emergency laboratory. Although the definitive 
diagnosis of an AMI requires serial CK-MB measure- 
ments to detect a characteristic increase and decrease, 
CK-MB mass concentrations are a valuable diagnostic 
aid to the emergency physician, especially in patients 
with chest pain whose electrocardiogram is nondiag- 
nostic. 
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Increased Risk of Death and Cardiac Arrest from 
Encainide and Flecainide in Patients After 
Non-Q-Wave Acute Myocardial Infarction in the 
Cardiac Arrhythmia Suppression Trial 
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This report examines whether in the Cardiac Ar- 
rhythmia Suppression Trial death and cardiac 
arrest from encainide, flecainide and moricizine 
during the titration phase and from encainide 
and flecainide during the follow-up phase were 
related to presence (Q-wave acute myocardial in- 
farction (Q-AMI]) or absence (non-Q-AMI) of 
pathologic Q waves. In all, 2,371 patients (70% 
with Q-AMI, 26% with non-Q-AMI, and 4% un- 
known) entered the titration phase, starting 117 
+ 163 days after index AMI and lasting for an 
average of 21 days. For the titration phase, no 
significant differences existed between Q-AMI 
and non-Q-AMI patients for death and cardiac 
arrest rate, ventricular premature complex sup- 
pression rate, and nonrandomization rate. A to- 
tal of 1,498 patients entered the follow-up phase 
of an average of 10 months (starting 129 + 158 
days after the index AMI), and were randomized 
to encainide or flecainide, or their matching pla- 
cebos. In the placebo group, non-Q-AMI patients 
had a significantly lower rate of death and cardi- 
ac arrest than Q-AMI patients (1.0 and 4.6%, 
respectively; p = 0.04). Encainide and flecainide 
significantly elevated death and cardiac arrest 
rate in both non-Q-AMI patients (8.7%, p 
<0.01) and Q-AMI patients (7.8%, p = 0.04). 
The relative risk for encainide or flecainide over 
placebo in the non-Q-AMi patients was 8.7, 
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which was significantly higher than 1.7 observed 
for the Q-AMI patients (p = 0.03). None of the 
baseline characteristics had any significant inter- 
action with encainide or flecainide. 

In conclusion, during the relatively early post- 
AMI period, therapy with encainide, flecainide or 
moricizine resulted in similar rates of ventricular 
premature complex suppression and death/car- 
diac arrest between non-Q-AMI and Q-AMI 
groups. in contrast, during the late postmyocar- 
dial infarction period, therapy with encainide or 
flecainide was associated with a much steeper 
increase in death/cardiac arrest rate in the non- 
Q-AMiI group than in the Q-AMI group. 

(Am J Cardiol 1991;68:1551-—1555) 


er in patients after Q-wave (Q-AMI) than after 

non-Q-wave acute myocardial infarction (non-Q 
AMI),!-4 whereas posthospitalization cardiac mortality 
and morbidity may be as high or even higher in pa- 
tients after non-Q-AMI than after Q-AMI.?4-8 Fur- 
thermore, recurrent myocardial infarction during the 
first few weeks after AMI appears to be moze frequent 
after non-Q-AMI than after Q-AMI.*> Also, patients 
after non-Q-AMI appear to have more sudden cardiac 
deaths after hospital discharge than patients after Q- 
AMI.°-!! There have been no studies showing differen- 
tial effects of antiarrhythmic drugs between Q-AMI 
and non-Q-AMI patients. The Cardiac Arrhythmia 
Suppression Trial (CAST) was designed to test the hy- 
pothesis that pharmacologic suppression of asymptom- 
atic or mildly symptomatic frequent ventricular prema- 
ture complexes in the postmyocardial infarction period 
would reduce sudden cardiac death.!2!3 As reported, 
patients assigned to encainide and flecainide had a sig- 
nificantly higher cardiac mortality than patients as- 
signed to placebo.!* In this report, we examine whether 
mortality during the titration phase and the follow-up 
period from encainide and flecainide is related to pres- 
ence or absence of pathologic Q waves. 


J n-hospital cardiac mortality is reported to be high- 
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METHODS 

Study design: The design of the CAST has been 
published przviously.'* Patients were enrolled into the 
titration phas2 of the study after satisfying the follow- 
ing major cri=2ria: a documented myocardial infarction, 
ventricular premature complexes >6/hour on the 24- 
hour ambule-ory electrocardiographic recording per- 
formed betwen 6 days and 2 years after the qualifying 
myocardial iafarction, a left ventricular ejection frac- 
tion <0.55 for those enrolled within 90 days of the 
qualifying mocardial infarction, and <0.40 for those 
enrolled between 90 days and 2 years after the qualify- 
ing myocardial infarction. Patients were excluded from 
the study if thzy had severely symptomatic or incapaci- 
tating ventric-lar arrhythmias or 215 consecutive ven- 
tricular premature complexes at a rate of =120 beats/ 
min. Each pa:.ent gave informed consent. Patients were 
randomized tz the titration sequence encainide-morici- 
zine-flecainide- or flecainide-moricizine-encainide when 
left ventriculer ejection fraction was 20.30, or encai- 
nide-moricizir= or moricizine-encainide when left ven- 
tricular ejecticn fraction was <0.30. Two doses were 
available for each drug: encainide 35 or 50 mg 3 times 
daily, flecainid= 100 or 150 mg twice daily, moricizine 
200 or 250 mg 3 times daily. Patients whose ventricular 
premature complexes were suppressed 280% without 
intolerant side effects during the titration phase were 
randomized ta blinded therapy and were followed at 
the CAST clics at 4-month intervals. 

Characterization of myocardial infarction using the 
CAST electrozardiographic code: A standard 12-lead 
electrocardiog-am recorded after qualifying myocardial 
infarction was interpreted and coded using the CAST 
electrocardiog-aphic code (see later for definitions) by 
the site invest mator. In this code, electrocardiographic 
waveform abnormalities are grouped into 4 categories 
(Q wave, ST-segment elevation, ST-segment depression 
and T-wave immersion) for 4 anatomic locations (anteri- 
or, lateral, inferior and posterior). For each waveform, 
an age assessment of new, old or indeterminate is 
made. 

Patient selestion: For the titration phase, 2,371 pa- 
tients entered ~he study between June 15, 1987 and 
April 19, 1989. We excluded 66 patients because of left 
bundle branch block and 5 because of paced rhythm. 
Twenty-four p=tients had missing data on Q-wave ab- 
normality. This study reports the results on the remain- 
ing 2,276 patiznts, 1,653 with Q-AMI and 623 with 
non-Q-AMI. 

For the folow-up phase, 1,498 patients were sup- 
pressed with CAST drugs and were randomized into 
the main study. A total of 25 and 5 patients were ex- 
cluded from further analyses because of the presence of 
left bundle brazch block and paced rhythm, respective- 
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ly. Thirteen patients were excluded for missing data for 
Q-wave abnormality. Our statistical analysis was re- 
stricted to the remaining 1,455 patients, 1,048 patients 
with Q-AMI and 407 with non-Q-AMI. 

Definitions: The locations were: anterior = leads V; 
to V4; lateral = leads I, aVL, V5, Ne inferior = leads 
II, II, aVF; and posterior = leads Ni, V>. 

Abnormal Q waves are defined as 1 of the follow- 
ing: (1) Any Q wave 20.03 second in >2 contiguous 
leads excluding V; and aVR (contiguous leads are V2 
to Ve, I and aVL, and I, III and aVF), (2) >50% 
reduction in the R wave in each of =2 contiguous pre- 
cordial leads compared with a previous electrocardio- 
gram or, in the absence of right bundle branch block or 
right ventricular hypertrophy, the R-wave amplitude in 
Vs or Ve is <25% of that in V3 or V4; (3) R/S ratio 
of 1 or greater in Vi or V2 in the absence of right 
bundle branch block or right ventricular hypertrophy. 

Abnormal ST elevation is defined as any upward 
convex ST elevation 20.1 mV measured 0.08 second 
after the J point, except for V; or V2; in V; or Na 
the ST-segment elevation must be 20.2 mV. 

Abnormal ST depression is defined as any ST de- 
pression 20.1 mV measured 0.08 second after the J 
point. 

Abnormal T-wave inversion is defined as any sym- 
metrical T-wave inversion 20.1 mV in any of the leads 
except for aVR when the R-wave amplitude is 20.5 
mV. 

Statistical analyses: Baseline characteristics (be- 
tween Q-AMI and non-Q-AMI groups) are compared 
using the standard chi-square tests or ¢ tests for cate- 
gorical or continucus variables, respectively. For surviv- 
al analysis the exposure time began at the time of ran- 
domization to blinded therapy. The patients, who were 
alive on April 18, 1989, the time the encainide and fle- 
cainide study was closed, were censored then. The dif- 
ference in the relative risks of the active therapy over 
placebo in different groups is analyzed by including an 
interaction term between the treatment and the group 
indicators in the Cox regression model. An adjustment 
for possible contribution from other variables to the in- 
teraction between the non-Q-AMI and active therapy is 
made by including the interaction terms between the 
treatment and all possible confounders. These con- 
founders include ST elevation, ST depression, T inver- 
sion, age >65 years, ejection fraction <30, diuretic use, 
history of hypertension, congestive heart failure, angina 
and AMI, and heart rate >74 beats/min. Because not 
all variables are actually confounders, this method is 
conservative in the sense that it tends to yield a higher p 
value for the interaction of interest. 

For new or worsened congestive heart failure and 
nonfatal AMI, only the first event during follow-up is 
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TABLE I Death and Cardiac Arrest During Titration Phase 
(drugs: encainide, flecainide or moricizine) 


D/CA 


2.7% (45) 
2.4% (15) 


Total 


„ 100% (1,653) 
100% (623) 


Alive 


97.3% (1,608) 
97.6% (608) 


Q-wave AM! 
Non-Q-wave AMI 


* 


= 0.81. 
AMI = acute myocardial infarction; D/CA = death and cardiac arrest. 


TABLE II Baseline Characteristics for Patients Entering the 
Follow-Up Phase 


Non-Q-Wave 
AMI 


407 
62.7 + 9.5 
41.1 + 8.9 
77.6 


Q-Wave 
AMI 


1,048 
60.2 + 9.7 
39.2 + 9.7 
84.4 


Variable p Value 


No. of patients 
Age (years) 
Ejection fraction 
Men (%) 
Before index myocardial 
infarccion, history of 
Hypertension (%) 
Congestive heart failure 
(%) 
Angina (%) 
Myocardial infarction 
(%) 
Concurrent drugs at base- 
line 
B blocker (%) 
Caicium antagonist (%) 
Digitalis 
Diuretics 
Baseline systolic BP 
(mm Hg) 


35.1 
14.0 


28.9 
11.5 


44.0 
31.7 


46.0 
37.4 


29.0 

54.5 

22.1 

35.4 
127.9 + 20 


32.8 

49.5 

19.0 

29.0 
124.5 + 18 


*p <0.01; tp <0.05 (expressed as mean + standard deviation). 
AMI = acute myocardial infarction; BP = blood pressure. 





analyzed. Fatal AMI is defined as in the study by Echt 
et al.!© The exposure time for a patient who had an 
event started at the time of randomization to blinded 
therapy and ended at the time of an event; otherwise it 
was censored at the time of death/cardiac arrest, with- 
drawal from the study, or on April 18, 1989. 


RESULTS 

Titration phase: A total of 2,371 patients were en- 
tered into the study between June 15, 1987, and April 
18, 1989. The baseline characteristics and survival of 
these patients are described by Epstein et al.!5 The ti- 
tration phase lasted for an average of 20 days, with its 
first titration day occurring 117 + 163 days after the 
index AMI. Of the 2,276 patients who entered titration 
and had complete Q-wave information, 1,653 (73%) 
had Q-AMI and 623 (27%) had non-Q-AMI. There is 
no significant difference between the Q-AMI and non- 
Q-AMI groups in ventricular premature complex sup- 
pression (75.8 vs 75.1%, respectively) or nonrandomi- 
zation rates (18.8 vs 18.0%, respectively). Sixty-three 
of the 2,371 patients (2.7%) died or had cardiac arrests 
during titration (60 among the 2,276 patients, Table I), 





TABLE WI Baseline Electrocardiographic Characteristics for 
Patient Entering Follow-Up Phase 


Q-Wave 
AMI 


Non-Q-Wave 


Variable AMI p Value 


Baseline ECG 
Q waves (%) 
New anterior 
Naw lateral (%) 
Naw inferior (%) 
Posterior (%) 
ST elevation 
ST depression (%) 
T inversion (%) 
Heart rate (beats/min) 
Qualifying Holter 
VPCs/hour 
VPCs/hour 
<10(%) 
10.150 (%) 
50.1~100 (%) 
> 100 (%) 
Ventricular tachycardia 
runs/day 
None (%) 
1 (%) 
2-5 (%) 
26 (%) 
*p $0.01. 


AMI = acute myocardial infarction; ECG = electrocardiogram; VPCs = ventricular 
premature complexes. 


31.9 
45.2 
60.4 
76.0 + 17.5 


69.7 
76.0 + 15.7 


127 +260 137 +257 
15.6 
41.4 
16.6 
26.4 


16.7 
37.3 
16.5 
29.5 


TABLE IV Relative Risk of Death and Cardiac Arrest from 
Encainide/Flecainide in Patients with Q-Wave and Non-Q-Wave 
Myocardial Infarction During Follow-Up 


Death and Cardiac Arrest Rate 


Encainide and 


Flecainide Relative 


SE 
8.7t 


Placebo 
Q-wave AMI 4.6% (24/520) 
Non-Q-wave AMI 1.0% (2/199) 


*p = 0.04; tp <0.01; tp = 0.03. 
AMI = acute myocardial infarction. 


7.8% (41/528) 
8.7% (18/208) 





of which 49 were arrhythmic, 12 were cardiac nonar- 
rhythmic, and 2 were noncardiac. There is no signifi- 
cant difference in the death rates between Q-AMI and 
non-Q-AMI groups (p = 0.81). 

Follow-up phase: The 1,498 patients who were ran- 
domized to encainide, flecainide, or their matching pla- 
cebo 129 + 158 days (mean + standard deviation) 
after the index AMI were followed for an average of 
10 months. Baseline characteristics of 1,458 patients 
who had Q-wave data are listed in Table II. Among 
baseline electrocardiographic characteristics, the non- 
Q-AMI patients were more likely to have ST depres- 
sion but were less likely to have T-wave inversion and 
ST elevation (Table HI). 

Relative risks of death and cardiac arrest during fol- 
low-up phase from encainide and flecainide in Q-AMI 
and non-Q-AMI groups are listed in Table IV. In the 
placebo group, non-Q-AMI patients had a significantly 
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lower death -ate than Q-AMI patients. The rate of 
death and/or cardiac arrest in both the non-Q-AMI 
and Q-AMI groups was significantly greater in the 
group assigned to encainide or flecainide therapy than 
to placebo. The non-Q-AMI versus Q-AMI difference 
observed wit=in the placebo groups, however, disap- 
peared in the groups treated with encainide or flecai- 
nide. There Fas a greater increase in the death and 
cardiac arrest rate in non-Q-AMI than Q-AMI pa- 
tients. The relative risk for encainide or flecainide over 
placebo in the non-Q-AMI group was >5 times higher 
than for the "2-AMI group. 

Using the Cox regression models, possible contribu- 
tions of other faseline variables to the increased mortal- 
ity from enca_nide and flecainide in the non-Q-AMI 
patients were =xamined. The adjusted ratio of the en- 
cainide/flecaiade to placebo relative risk in non-Q- 
AMI patients to that in Q-AMI patients was 4.55 
(p = 0.07). Mone of the baseline variables, including 
ejection fracttcn, age and congestive heart failure had 
any significan: interaction with encainide/flecainide. 
Similar result: are found when we excluded patients 
with right buadle branch block (p = 0.05 and 0.10 for 
the unadjusted and adjusted analyses, respectively). 

No statistically significant difference in the rate of 
congestive heact failure existed between non-Q-AMI 
and Q-AMI <atients in the placebo group or in the 
treatment grcap. However, the relative risk of 2.1 
for encainide /Eecainide compared with placebo among 
non-Q-AMI patients was marginally higher than the 
relative risk of 1.0 among Q-AMI patients (p = 0.11). 
Nonfatal myccardial infarction occurred relatively in- 
frequently (46 of 1,455 = 3.2%) in the entire group 
during the follow-up. Though statistically not signifi- 
cant, the place3o reinfarction rate in non-Q AMI was 
nearly twice -1at for Q-AMI in our study (6.0 vs 
3.5%). For the treatment group, reinfarction rate in Q- 
AMI patients was similar to that for the placebo, but 
the rate for no+Q-AMI patients was one-fourth of that 
for the placebo (1.4 vs 6.0%). 


DISCUSSION 

Our study siows that during the early posthospital- 
ization phase iter AMI, non-Q-AMI and Q-AMI pa- 
tients did not differ in the death and cardiac arrest 
rates or in the ~entricular premature complex suppres- 
sion rates with 3 antiarrhythmic agents. However, dur- 
ing the subsequznt 10-month follow-up period, placebo 
non-Q-AMI pazients had a much lower death and car- 
diac arrest razz than the placebo Q-AMI patients. 
What was mor striking for the treatment groups was 
the large increese in non-Q-AMI mortality compared 
with the modes: increase in Q-AMI mortality (Table 
IV). The relate risks differ by a factor of 5. Thus, in 
the postmyocavdial infarction patients enrolled in the 
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CAST, encainide and flecainide appear to have exerted 
differential adverse effects with respect to time after 
myocardial infarction and also to presence or absence 
of Q wave. 

Possible explanation of our results: Some of the re- 
cent studies dealing with non-Q-AMI*7?-!! hint that 
these non-Q-AMI patients are more likely to have jeop- 
ardized myocardium and that this jeopardized myocar- 
dium is responsible for the increased early and late rein- 
farction and late sudden cardiac death. Although a de- 
finitive answer is lacking, aspirin and dipyridamole’ 
and diltiazem!’ may be effective in reducing reinfarc- 
tion, if not mortality, in non-Q-AMI patients. 

In the analysis of CAST mortality data, Echt et al!® 
point out that while mortality is higher in the flecain- 
ide /encainide group, the secondary end points of nonfa- 
tal reinfarction and unstable angina are higher in the 
placebo group. These observations suggest that these 
agents exert a deleterious effect on ischemic myocardi- 
um. Then, if ischemic events are more likely to occur in 
non-Q-AMI, the mortality would be expected to in- 
crease. Our data suggest that in non-Q-AMI patients, 
interaction with encainide/flecainide resulted in an in- 
creased death rate which could have spuriously reduced 
the apparent reinfarction rate. Thus, we believe our re- 
sults also suggest that nonfatal myocardial infarction 
should not be used by itself as a study end point — as 
recently recommended by Fleiss et al 18 

Whereas our study appears to be the first to show 
that in humans interaction of encainide/flecainide with 
non-Q-AMI led to a greatly increased risk of cardiac 
death, potentially lethal proarrhythmia effects from en- 
cainide/flecainide during early postmyocardial infarc- 
tion have been demonstrated in animals.!92° For in- 
stance, O-demethvl encainide, a potent metabolite of 
encainide, caused not only a concentration-dependent 
decrease in ventricular fibrillation threshold but also an 
inability to defibrillate ventricular fibrillation in dogs 
with a myocardial infarction of about 2 days old.2° 
Similarly, flecainide in the presence of myocardial isch- 
emia occurring 4 to 7 days after anterior myocardial 
infarction in dogs frequently caused ventricular fibrilla- 
tion and sudden death.!? 

Study limitations: There are a few shortcomings in 
our study. Prior myocardial infarction was observed in 
about one-third cf our patients. This may be a part of 
the reason why, in contrast to the recent data from the 
Multicenter Diltiazem Post-Infarction Group,*! in the 
placebo group of our study non-Q-AMI patients had a 
much lower death and cardiac arrest rate than Q-AMI 
patients. A relatively infrequent rate of events preclud- 
ed further analyses limited only to those having no prior 
myocardial infarction. 

Problems associated with the post hoc subgroup 
analyses are well recognized.2? Our data originated 


DECEMBER 15, 1991 


~~ 


Al 


TTT 


from such analyses including “multiple looks,” which 
might have given rise to spurious findings resulting 
from random variation. Our results therefore must be 
interpreted with caution and need to be confirmed by 
future clinical trials. However, we believe that our find- 
ings are consistent with the previous clinical and ani- 
mal experimental results: Non-Q-AMI patients tend to 
have a higher reinfarction rate after hospital discharge 
than Q-AMI patients”*+-!!; some of the animal stud- 
ies!9:20 suggested that both encainide and flecainide 
precipitated potentially lethal ventricular arrhythmias 
in the presence of ischemic myocardium. 
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Comparative Quantitative Angiographic Analysis 
of Directional Coronary Atherectomy and 
Balloon Coronary Angioplasty 
Victor A. W. M. Umans, MD, Kevin J. Beatt, MD, Benno J. W. M. Rensing, MD, 


Walter H M. Hermans, MD, Pim J. de Feyter, MD, PhD, and Patrick W. Serruys, MD, PhD, 
with the technical assistance of Eline Montauban van Swijndregt 


An attempt -o assess the “utility” of directional 
atherectomy. was made using a new quantitative 
angiographic: index. This index can be subdivided 
into an initial gain component and a restenosis 
component, Ihe initial gain index is the ratio be- 
tween the gain in diameter during intervention 
and the theoretically achievable gain (i.e., refer- 
ence diameter). The restenosis index is the ratio 
between the decrease at follow-up and the initial 
gain during the procedure. The net result at 
long-term fo:low-up is characterized by the utili- 
ty index, which is the ratio between the final 
gain in diameter at follow-up and what theoreti- 
cally could have been achieved. For this purpose, 
30 coronary artery lesions were selected from a 
consecutive ceries of successfully dilated primary 
angioplasty Esions and were matched with the 
initial 30 successfully treated primary atherec- 
tomy lesions. Matching by location of stenosis 
and reference diameter resulted in 2 comparable 
groups with identical preprocedural stenosis 
characteristics. Atherectomy resulted in an in- 
crease in mirimal luminal diameter 2 times larg- 
er than angicplasty (1.53 vs 0.77 mm; p 
<0.0001). Hewever, at follow-up there was a 
significant decrease in minimal luminal diameter 
and a significant increase in percent diameter 
stenosis in the groups with atherectomy and an- 
gioplasty (1.69 + 0.58 vs 1.57 + 0.58 mm, 

p = not significant [NS], and 37 + 18 vs 47 + 
18%, p= NS respectively). The decrease in min- 
imal luminal gain was more pronounced in the 
group with atherectomy than in that with angio- 
plasty (0.92 = 0.69 vs 0.35 + 0.51 mm; 

p = 0.0005). Consequently, directional atherec- 
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tomy resulted in a significantly higher initial gain 
ratio than did balloon angioplasty (0.84 vs 0.41, 
p <0.00001). At follow-up, restenosis and utility 
ratios were comparable in both groups (0.56 vs 
0.62, p = NS, and 0.29 vs 0.23, p = NS, respec- 
tively). In matched groups, directional atherec- 
tomy is a very effective device with a substan- 
tially better initial result than that with balloon 
angioplasty. However, it appears to be a potent 
stimulator of the restenosis process, because at 
follow-up this initial favorable result is lost, and 
the minimal luminal diameter is comparable to 
that after balloon angioplasty. Thus, the final 
utility of directional coronary atherectomy is not 
significantly different from that of conventional 
balloon angioplasty. 

(Am J Cardiol 1991;:68:1556-1563) 


remains the major limitation of this proce- 

dure 1-7 Despite extensive efforts to elucidate 
this phenomenon, our knowledge remains incomplete. 
In recent years studies have suggested that intimal hy- 
perplasia is the major mechanism responsible for reste- 
nosis®? and that lesion characteristics and regional flow 
dynamics influence this proliferative process.!° Because 
improved operator experience and angioplasty tech- 
niques have not caused a reduction in restenosis rates, 
interventional cardiologists have designed new devices 
aimed at debulking instead of dilating atherosclerotic 
plaque. Directional atherectomy is a new technique 
with the potential advantage of creating smooth lumi- 
nal surface. However, early experience with atherec- 
tomy indicates that restenosis rates are comparable 
with those after conventional balloon angioplasty, al- 
though a randomized study has not been initiated.!!~!3 
Recently it has been demonstrated that the immediate 
results of atherectomy are superior to those achieved by 
balloon angioplasty'*; whether this initial advantage 
can be maintained during follow-up and may ultimate- 
ly result in a reduction of the restenosis rate needs to be 


R estenosis after conventional balloon angioplasty 
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assessed. Therefore, the present study was performed to 
determine whether this initial favorable result obtained 
with atherectomy affects the incidence of restenosis. 


METHODS 

Patient group: From September 1989 through Jan- 
uary 1991, 66 patients underwent 74 atherectomy pro- 
cedures. For the purpose of this study, the initial 30 
consecutive patients (23 men and 7 women, mean age 
+ standard deviation 60.2 + 10.1) who underwent an 
angiographically successful procedure (postprocedural 
diameter stenosis <50%, with tissue retrieval) of a pri- 
mary lesion in a native coronary artery were selected. 
At the time of atherectomy, 16 patients were in New 
York Heart Association functional class IV, 7 in II 
and 7 in II. Coronary angiography showed 1-vessel dis- 
ease in 25 patients, 2-vessel disease in 4 and 3-vessel 
disease in 1. The site of obstruction was located in the 
left anterior descending coronary artery in 18 patients, 
the right coronary artery in 7 and the circumflex ar- 
tery in 5. 

Atherectomy procedure: After administration of lo- 
cal anesthesia, an 11Fr sheath was inserted in the fem- 
oral artery. All patients received 250 mg of acetylsali- 
cylic acid and 10,000 U of heparin intravenously. Intra- 
coronary injection of isosorbide dinitrate was performed 
to optimally vasodilate the vessel. After initial angio- 
grams in multiple views were obtained, a special 11Fr 
guiding catheter was placed into the ostium of the coro- 
nary artery. Under fluoroscopy, the guidewire was ad- 
vanced in the distal part of the artery. Then, the ather- 
ectomy device was directed over the guidewire and po- 
sitioned across the stenosis. The support balloon was 
then inflated up to 0.5 atm, the cutter was retracted 
and balloon inflation pressure was increased to 2 to 3 
atm. The driving motor was activated, and the rotating 
cutter was slowly advanced to cut and collect the pro- 
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truding atherosclerotic lesion in the collecting chamber 
located at the tip of the catheter. After every pass, the 
balloon was deflated and either removed or reposi- 
tioned. On average, 6.7 + 2.9 passes in multiple direc- 
tions were performed across a stenosis. Atherectomy 
was considered successful when the residual stenosis 
was <50% after tissue retrieval. After atherectomy, the 
arterial and venous sheaths were usually left in place 
for 6 hours. Patients were monitored for 24 hours, and 
electrocardiograms and cardiac enzyme levels were ob- 
tained twice daily. Nifedipine was administered every 2 
hours for 24 hours after the procedure, and the patients 
were administered aspirin for 1 year. 

Follow-up evaluation: After successful atherectomy 
or angioplasty (i.e., <50% postprocedural diameter ste- 
nosis on visual inspection), patients were examined at 
the outpatient clinic. The follow-up coronary angio- 
gram was obtained within 2 weeks after an exercise 
test. Angiography was performed earlier if symptoms 
occurred within 6 months. 

Quantitative coronary angiography: Quantitative 
analysis of the coronary segments was performed with 
the computer-based Coronary Angiography Analysis 
System (CAAS), previously described in detail 23138 
In essence, boundaries of a selected coronary artery 
segment were detected automatically from optically 
magnified and video-digitized regions of interest (512 
X 512 pixels) of a cineframe. The absolute diameter of 
the stenosis in millimeters was determined using the 
guiding catheter as a scaling device. Each individual 
catheter was measured with a micrometer and used as 
a scaling device. Correction for pincushion distortion 
was performed. The computer-estimation of the origi- 
nal dimension of the artery at the site of the obstruction 
was used to define the interpolated reference diameter. 
The percentage diameter and area stenosis, as well as 
the cross-sectional area (mm), were then calculated. 
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FIGURE 1. Graphic illustration of stenosis parameters obtained by quantitative coronary analysis. Left, y axis represents refer- 
ence diameter, and vessel length is represented along x axis. Reference diameter and lesion length are determined by diameter 
at bounderies of lesion that are defined by curvature analysis. Right, curvature analysis is described. Curvature is defined by 
rate of change of angle through which tangent of curve turns, and which for a circle is equal to reciprocal of radius (R). 


MLD = minimal luminal diameter. 
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The length o the lesion (mm) was determined from the 
diameter fuaztion on the basis of curvature analysis 
(Figure 1). S-mmetry was defined as the coefficient of 
the left-hand sistance between the reconstructed inter- 
polated referznce diameter and actual vessel contours, 
and the right-hand distance between the reconstructed 
and actual ccrtours at the site of the obstruction. Sym- 
metry index ranged from 0 (totally eccentric stenosis) 
to 1 (symmetric). The degree of coronary bend was 
assessed by Ce curvature value at the obstruction site. 
This parameter was computed as the average value of 
all individual curvature values along the centerline of 
the coronary segment, with curvature defined as the 
first derivative-of the tangent as it moves along the cen- 
terline, which for a circle is equal to the reciprocal of 
the radius. The area between the actual and recon- 
structed contcars at the obstruction site was defined as 
the area plaqve (expressed in mm2). To standardize the 
method of alysis of the interventional and follow-up 
angiograms, tœ following measures were taken!®: First, 
the x-ray system was exactly positioned, as was noted 
at the time of the intervention. Second, all study frames 
to be analyze were selected at end-diastole to mini- 
mize foreshorsening. Third, the investigator-determined 
beginning and 2nd point of a segment of a major coro- 
nary artery wzre identified according to the definitions 
of the Americen Heart Association.!7 Finally, Polaroid 
photographs were taken of the video image with the 
detected contc_rs superimposed to ensure that the anal- 
ysis was performed on the same coronary segments in 
consecutive amziograms. Patients with balloon angio- 
plasty were ewolled in ongoing restenosis trials, and 
therefore, acco-ding to the protocol, systematically re- 
ceived intracoronary nitroglycerin before and after an- 
gioplasty, and during follow-up catheterization, where- 
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FIGURE 2. Grap-ic illustration of principle of initial gain, re- 
stenosis and utili indexes. Initial gain index is represented 
by the ratio B/A, restenosis index by C/B, and utility index by 
D/A. A = maxime! achievable increase in minimal luminal di- 
ameter (MLD); B= gain in MLD during procedure; C = reduc- 
tion during follow-up; D = long-term result; RD = reference di- 
ameter. 


as patients with atherectomy were less frequently ad- 
ministered intracoronary nitroglycerin at recatheteri- 
zation. 

Restenosis: Two different criteria were used to de- 
fine the restenosis rate. We have found a change in 
minimal lumen diameter 20.72 mm to be a reliable 
indicator of angiographic progression of vessel narrow- 
ing.*!5.16 This value takes into account the limitations 
of coronary angiographic measurements and represents 
the long-term variability for repeat measurements of a 
coronary stenosis using CAAS. The second criterion for 
restenosis chosen was an increase in the diameter steno- 
sis from <50% after intervention to 250% at follow- 
up. This criterion was selected because clinical practice 
continues to assess lesion severity by percent stenosis. 

Assessment of initial gain, restenosis and utility ra- 
tio: To compare the relative efficacy of various inter- 
ventional techniques, it is critical to relate the procedur- 
al outcome and changes during follow-up to the maxi- 
mal achievable result. Therefore we propose the use of 
the aforementioned ratios in the evaluation of intracor- 
onary interventions. Briefly, quantitative angiographic 
changes after intracoronary intervention may be divid- 
ed in 3 stages (Figure 2). The first or “operational 
stage,” is characterized by the interaction of the opera- 
tional device with the lesion. In becoming operational, 
the diameter of the device may expand (directional ath- 
erectomy, balloon, stent) or maintain its original di- 
mensions (laser, transluminal extraction catheter, rota- 
tional ablation). During this stage, the maximal effect 
of the device is achieved and determines to what extent 
the minimal luminal diameter may be increased. The 
initial gain index represents the ratio between the 
achieved luminal and maximal achievable luminal im- 
provements (reference diameter minus minimal lumen 
diameter (MLD) before intervention), and is described 
by the following equation: initial gain index: change in 
MLD at intervention /reference diameter — MLD be- 
fore intervention. The initial gain index ranges from 0 
(no effect) to 1 (no residual stenosis). The second stage 
or “restenosis stage” begins during follow-up when bio- 
logical processes determine the extent of intimal hyper- 
plasia ultimately leading to a loss of luminal gain. 

The restenosis index represents the ratio of decrease 
in luminal diameter improvement during follow-up and 
the achieved changes induced by intracoronary inter- 
vention, and is described by the following equation: re- 
stenosis index: MLD after intervention — MLD follow- 
up/change in MLD at intervention. The restenosis in- 
dex ranges from O (initial benefit intact) to 1 (initial 
benefit completely lost). 

The utility index represents the ratio of the net gain 
in lumen improvement at follow-up and the maximal 
achievable luminal improvement, and is described by 
the following equation: utility index: change in MLD at 
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intervention — change in MLD at follow-up/reference 
diameter — MLD before intervention. The utility index 
ranges from 0 (no utility) to 1 (perfect result). 

Matching process: The coronary artery tree was 
subdivided in 15 segments according to American 
Heart Association guidelines, !® and the lesions were in- 
dividually matched according to stenosis location and 
reference diameter. The principles of matching are 
threefold: the angiographic dimensions of matched le- 
sions are assumed to be “identical,” the observed differ- 
ence between the 2 “identical” lesions must be within 
the range of CAAS reproducibility of 0.1 mm (1 stan- 
dard deviation),° and finally, the reference diameters of 
the matched vessels are selected within a range of + 
0.3 mm (3 standard deviations; 99% confidence limits). 
To assess the immediate result of atherectomy and bal- 
loon angioplasty, 30 coronary artery lesions were select- 
ed by an independent technician (EMvS) from a con- 
secutive series of successfully dilated balloon angio- 
plasty lesions while complying with the selection criteria 
of matching. At the time of selection, the investigators 
were unaware of the 6-month angiographic outcome of 
these lesions. Matching was considered adequate if the 
mean difference of the reference diameter between 
the groups equaled 0 with standard deviation <0.3 
mm. 18 Currently, the Thoraxcenter angiographic data- 
base contains quantitatively assessed stenosis data for 
2,300 patients treated with either angioplasty (n = 
1847), intracoronary stenting (n = 406), or directional 
or rotational atherectomy (n = 120). 

Statistical analysis: All values are expressed as 
mean + | standard deviation. Comparisons of the se- 
verity of minimal luminal diameter, area plaque, dia- 
meter stenosis, curvature value symmetry index and 
length between the groups were performed using anal- 
ysis of variance and the unpaired Student’s ż test. 
Differences were considered statistically significant at 
p <0.05. 


RESULTS 

Preprocedural stenosis characteristics of the 
matched patients are listed in Table I. Matching for 
stenosis location and reference diameter resulted in 
groups of patient with comparable severity of lesions. 
Matching was considered adequate because the refer- 
ence diameter was equal in both groups (3.03 + 0.57 vs 
3.07 + 0.55 mm; p= not significant), whereas the 
mean difference for this parameter between the groups 
was 0.0 mm (standard deviation 0.2 mm). Preproce- 
dural minimal lumina! diameter in the groups with ath- 
erectomy and angioplasty were 1.08 + 0.37 and 1.15 + 
0.36 mm, respectively. The other stenosis parameters 
(diameter stenosis, area plaque, symmetry index and 
length) did not differ significantly, with the sole excep- 
tion of curvature value, which was lower in the group 





TABLE] Matched Preprocedura! Stenosis Characteristics of 30 
Patients with Successful Coronary Atherectomy Compared with 
Successful Balloon Angioplasty 











Before 
Angioplasty 


3,07 + 0.55 


Before 
Atherectomy 


3.03 + 0.57 



















Reference diameter (mm) 





Minimal luminal diameter 1.08 + 0,37 1.15 + 0.36 
(mm) 

Diameter stenosis (%) 64+ 10 63 +8 

Area plaque (mm) 9.5 + 6.4 8.4 = 3.6 

Curvature value 15.9 + 7.0 222 213.1" 

Symmetry index 0.6 + 0.2 0.5 + 0.3 

Length 6.8 + 2.7 6.5 + 2.6 


TABLE II Quantitative Comparison of the Immediate and 
Long-Term Results of Atherectomy and Balloon Angioplasty 
(n = 30) 


Unpaired 


Atherectomy Angioplasty t Test 


Reference diameter 
(mm) 
Fre 
Post 
Follow-up 
Minimal luminal 
diameter (mm) 
Pre 
Post 
Follow-up 
Difference in minimal 
juminal diameter (mm) 
Post to pre 1.53 + 0.47 
Post to follow-up 0.92 + 0.69 
Diameter stenosis (%) 
Pre 
Post 
Follow-up 
Difference in diameter 
stenosis (%) 
Pre—post 
Follow-up—post 


3.03 + 0.57 
3.24 + 0.32 
2.81 + 0.57 


3.07 + 0.55 
3.09 + 0.56 
3.04 + 0.65 


1.08 + 0.37 
2.61 + 0.33 
1.69 + 0.58 


1.15 + 0.36 
1.92 + 0.31 
1.57 + 0.58 


0.77 + 0.30 
0.35 + 0.51 


64+ 10 
19 +9 
37 +18 


63 + 8 
37 +10 
47 +18 


45 +12 
igs i/ 


26 ż 12 
10 £ 17 





NS = not significant; Post = after intervention; Pre = before intervention. 


with atherectomy than in that with angioplasty (15.9 + 
7.0 vs 22.2 + 13.1; p <0.02). 

The immediate efficacy of atherectomy and angio- 
plasty as assessed by quantitative angiography is shown 
in Table H and Figure 3. As expected, both atherec- 
tomy and balloon angioplasty significantly improved 
minimal luminal diameter (1.08 + 0.37 to 2.61 + 0.33 
mm [p <0.0001], and 1.15 + 0.36 to 1.92 + 0.31 mm 
[p <0.001], respectively), but the increase in minimal 
luminal diameter was superior in the group with ather- 
ectomy than in that with angioplasty (1.53 vs 0.77 mm; 
p <0.0001). Accordingly, the initial gain ratio of ather- 
ectomy was also superior when compared with that of 
angioplasty (0.84 + 0.36 vs 0.41 + 0.18; p <0.00001). 
Thus, percent diameter stenosis was reduced from 64 + 
10 to 19 + 9% (p <0.0001) in the group with atherec- 
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TABLE WI Quantitative Assessment of Initial Gain, Restenosis 
and Utility Rafos After Atherectomy and Balloon Angioplasty 
(n = 30) 


Unpaired 
Angioplasty f Test 


0.41 + 0.18 0.0000 
Restenosis ratt) 0.56 + 0.55 0.62 + 1.10 NS 
Utility ratio 0.29 + 0.33 0.23 + 0.28 NS 


NS = not significant. 


tomy, and fron 63 + 8 to 37 + 10% (p <0.001) in the 
that with angioplasty. 

At follow-ip, all patients with atherectomy and an- 
gioplasty inclided in this study underwent 6-month 
control cathefrization. Angiographic follow-up in the 
groups with azherectomy and angioplasty were 95 and 


Atherectomy 


initial gain ratia 0.84 + 0.36 





92%, respectively. Angiographic analysis at follow-up 
(Table II and Figure 4) showed a decrease in minimal 
luminal diameter in both groups (2.61 + 0.33 to 1.69 
+ 0.58 mm with atherectomy, 1.92 + 0.31 to 1.57 + 
0.58 mm with angioplasty). Thus, the loss in minimal 
luminal diameter was more pronounced in the group 
with atherectomy than in that with angioplasty (0.92 + 
0.69 vs 0.35 + 0.51 mm; p <0.0005). Accordingly, 
percent diameter stenosis increased from 19 + 9 to 37 
+ 18% in the group with atherectomy, and from 37 + 
10 to 47 + 18% in that with angioplasty. The concomi- 
tant restenosis and utility ratios are listed in Table III. 
Percent restenosis (detectable hyperplasia by quantita- 
tive coronary analysis) according to the 0.72 mm de- 
crease in minimal luminal diameter (2 times the stan- 
dard deviation of the long-term variability of the mini- 


(N=30 LESIONS) 





FIGURE 3. Cumulative frequency of im- 
mediate results of directional atherectomy 
(DCA) and balloon angioplasty (PTCA) in 
30 matched lesions. Directional atherec- 
tomy resulted in an increase in minimal lu- 
minal diameter (MLD) from 1.08 to 2.61 
mm, whereas angioplasty induced an in- 
crease from 1.15 to 1.92 mm. Post = 
after intervention; Pre = before interven- 
tion. 
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FIGURE 4. Cumulative frequency of iong- 
term results of directional atherectomy 
and angioplasty in this matched popula- 
tion. At 6-month follow-up (F-up), initial 
favorable result of atherectomy is lost 
compared with that of balloon angioplasty. 
Gther abbreviations as in Figure 3. 
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mal luminal diameter measurements using CAAS cri- 
terion) was 60% in the group with atherectomy versus 
36% in that with angioplasty. When restenosis is de- 
fined by an increase in diameter stenosis 250% at fol- 
low-up, the restenosis percentages are 20 vs 16% (ath- 
erectomy vs angioplasty). 


DISCUSSION 

Coronary angioplasty is now an accepted form of 
treatment for patients with coronary artery disease. In 
the past, exponential growth in angioplasty has partly 
been the result of an increase patients returning with 
restenosis. Despite extensive efforts to improve catheter 
equipment we are still unable to effectively reduce 
the rate of restenosis. Because no fundamental design 
changes in balloon or balloon-derived catheter tech- 
niques are emerging, debulking techniques, such as di- 
rectional atherectomy, have been introduced to improve 
the angioplastic process and to presumably reduce the 
rate of restenosis. The potential advantages of debulk- 
ing atheromatous tissue over remodeling plaque with 
balloon angioplasty include: minimizing smooth muscle 
cell injury by wall stress; eliminating smooth muscle 
cells and thereby reducing their proliferative potential; 
improving regional blood flow and rheology by induc- 
ing fewer fissures or dissections; reducing radial stretch 
forces, as applied with a dilating balloon; and creating 
larger increases in minimal luminal diameter. Indeed, 
recent studies have reported a larger increment in lumi- 
nal improvement after atherectomy than after conven- 
tional balloon angioplasty,!4 whereas other investigators 
observed a low incidence of postprocedural dissec- 
tions, 111214 

Study design: Whether atherectomy is superior to 
balloon angioplasty can only be assessed by a random- 
ized study. This type of study would take several years, 
during which continuing refinements and improvements 
of catheter systems would take place, rendering the 
comparison unreliable and open to criticism. Therefore, 
we proposed a matching technique based on stenosis 
location and reference diameter to compare the results 
of various intracoronary interventional techniques. At 
present, this technique may be the best surrogate for a 
randomized trial when one tries to compare the short- 
and long-term results of atherectomy with those of con- 
ventional angioplasty. Using our matching program we 
selected comparable stenotic lesions with respect to 
baseline characteristics (minimal! luminal diameter, di- 
ameter stenosis, length, area plaque and symmetry in- 
dex) as assessed by quantitative angiography. This 
study group reflects the baseline stenosis characteristics 
in patients treated with atherectomy? or balloon angio- 
plasty.4! 


Immediate results: This study confirms previous re- 
ports of improved luminal gain after atherectomy com- 
pared with that after conventional angioplasty.!* Ather- 
ectomy resulted in a twofold increase in minimal lumi- 
nal diameter (1.09 + 0.37 to 2.61 + 0.33 mm) 
compared with that with angioplasty (1.15 + 0.36 to 
1.92 + 0.31 mm). Accordingly, percent diameter ste- 
nosis decreased more dramatically after atherectomy 
than after angioplasty. This improvement in luminal 
gain with atherectomy may be due to 3 mechanisms. 
First, introduction of the bulky device itself causes a 
jumen enlargement due to the “Dotter” effect. Second, 
the subsequent inflation of the support balloon may 
lead to further enlargement by stretching of the vessel 
wall. Finally, excision of the plaque determines the final 
result. 

Restenosis: Recurrence of a stenosis after intracoro- 
nary intervention may be assessed by clinical symp- 
toms, stress testing or coronary angiography. Because 
symptoms and functional achievement at exercise test- 
ing have low predictive values in regard to restenosis, 
diagnosis of restenosis should be based on reproducible 
quantitative angiographic measurements using a com- 
puter-assisted technique with either automated edge de- 
tection or videodensitometry. Furthermore, the defini- 
tion of restenosis is a matter of ongoing debate. It has 
been shown by our investigative group,*22 as well as by 
others,> that the determination of the severity of steno- 
sis using percent diameter stenosis does not reflect 
changes after angioplasty, because the adjacent part of 
the dilated vessel may also be involved in the restenosis 
process, or the reference diameter may te simulta- 
neously reduced. Therefore, we selected minimal lu- 
minal diameter as a parameter for the morphologic 
changes after atherectomy or angioplasty. Minimal lu- 
minal diameter at follow-up was 1.69 mm for the group 
with atherectomy compared with 1.57 mm for that 
with balloon angioplasty (p = not significant). These 
findings are similar to previously documented late fol- 
low-up studies of coronary balloon angioplasty (1.69 to 
1.82 mm)* and stenting (1.68 mm).? Using the 250% 
diameter stenosis criterion, the rates of restenosis after 
atherectomy and angioplasty were 20 and 15%, respec- 
tively. Previous studies on restenosis after primary coro- 
nary atherectomy reported an incidence of restenosis of 
20%!112 using the =50% criterion. Thus, during fol- 
low-up, the initial greater gain in luminal diameter af- 
ter atherectomy compared with that after balloon angi- 
oplasty is totally lost. At follow-up, the reduction in 
minimal luminal diameter was 0.92 mm after atherec- 
tomy compared with 0.35 mm after angioplasty (p = 
0.0005). Although minimal luminal diameter changed 
more dramatically in the group with atherectomy than 
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in that with angioplasty, both had equal restenosis 
(0.56 vs 0.62: p = not significant) and utility (0.29 vs 
0.23; p = not significant) ratios, indicating that the rel- 
ative changes are equal for both interventional tech- 
niques. 

Animal aml atherectomy studies!!-!3° have dem- 
onstrated that fibrointimal hyperplasia may develop in 
coronary arteries previously treated by balloon angio- 
plasty or ather2ctomy. Pathologic findings have raised a 
theory that deeper vascular injury is associated with a 
greater intima proliferation. Injury beyond the subinti- 
mal level has been shown to be associated with more 
extensive intiraal proliferation.24 These data are sup- 
ported by Webster et al? who found a greater smooth 
muscle prolife-ation after high-inflation pressure with 
the same ballcon size when compared with that after 
low pressure. “urthermore, an initial follow-up study 
after atherectcmy indicates that this process may be 
accelerated when deep vessel wall components such as 
media and adventitia are removed.!? Additionally, ath- 
erectomy may lead to profound disrupture of the vessel 
wall architech re 25 Finally, the introduction of the 
bulkier atherectomy device may potentially lead to a 
greater amount of vessel wall stretching compared with 
that with the smaller balloon catheter system. All these 
influences may account for the greater cellular prolifer- 
ation of the lesion treated by atherectomy. 

Study limitations: There are several limitations to 
this study. First, it is an uncontrolled, observational 
study limited tc a subset of patients with successful cor- 
onary atherectcmy or balloon angioplasty. This consec- 
utive series of patients were studied by investigators 
unaware of the late angiographic results. Although 
matching for angiographic variables is a promising 
technique to assess the efficacy of intracoronary inter- 
ventions, patiert- and procedure-related variables are 
not included in the analysis. Second, lesion complexity 
was not incorpcrated in the analysis. This is usually de- 
fined qualitatively2’; however, an objective and quanti- 
tative descripticn of stenosis morphology has recently 
been introducedé.?8 Further improvement in quantitative 
analysis may assess lesion morphology in a continuous 
scale fashion rether than assigning lesions to discrete 
categories. This type of analysis should be incorporated 
in future trials sudying the efficacy of various interven- 
tional techniques. Third, this study is based on early 
experiences witk atherectomy. Careful patient selection, 
future design cianges and improved operator experi- 
ence may further improve the immediate and long-term 
results. Thus, ccntrolled clinical trials are needed in the 
future to determine the immediate angiographic results 
and long-term efficacy of these interventions, as well as 
the benefit, if aay, to particular subgroups of patients. 
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These studies should also address the presumed time 
frame for restencsis after any particular intervention. 
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Clot-Selective Coronary Thrombolysis with Low- 
Dose Synergistic Combinations of Single-Chain 
Urokinase-Type Plasminogen Activator and 
Recombinant Tissue-Type Plasminogen Activator 


James M. Kirshenbaum, MD, Raymond D Bahr, MD, John T. Flaherty, MD, 
Victor Gurewich, MD, Herbert J. Levine, MD, Joseph Loscalzo, MD, PhD, 
Richard R. Schumacher, MD, Eric J. Topol, MD, Dennis W. Wahr, MD, 
Eugene Braunwald, MD, and the Pro-Urokinase for Myocardial Infarction 
Study Group* 


The effect of simultaneous infusions of low-dose 


recombinan( tissue-type plasminogen activator 
(t-PA) and single-chain urokinase-type plasmino- 
gen activator (scu-PA, pro-urokinase) on coro- 
nary arteria thrombolysis was investigated in 
23 patients ireated within 6 hours (mean 2.6 + 
1.1, range L.2 to 5.9) of symptoms of an acute 
myocardial mfarction. Infarct artery patency at 
90 minutes was achieved in 16 (70%, 95% con- 
fidence limits of 0.47 to 0.87) of 23 patients af- 
ter a 1-hour intravenous infusion of 20 and 16.3 
mg of t-PA znd scu-PA, respectively. At 90 min- 
utes, the fibzinogen concentration decreased 
from 369 + 207 to 316 + 192 mg/dl {p = not 
significant), while plasminogen decreased to 69 
+ 24% (p = 9.001) and a-2-antiplasmin to 77 + 
24% (p = 0.001) of pretreatment values. Al- 
though no bi=eding requiring termination of drug 
infusion or transfusion occurred, 1 patient with 
cerebrovascular amyloidosis had a fatal intrace- 
rebral hemosrhage. These findings suggest that 
combination therapy may allow substantial re- 
ductions in tetal thrombolytic doses while still 
achieving effective fibrin-specific coronary 
thrombolysis. 

(Am J Cardiol 1991;68:1564-1569) 
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umerous clinical trials using both fibrin-selec- 
N tive or nonselective thrombolytic agents have 

demonsirated significant reductions in mor- 
bidity and mortality after acute Q-wave myocardial in- 
farction.' Infarct artery patency rates at 90 minutes be- 
tween 50 and 91% have been achieved with varying 
degrees of reduction in circulating fibrinogen and acti- 
vation of the systemic thrombolytic system.? 

Attempts to improve the overall recanalization rate, 
prevent early coronary reocclusion, and minimize per- 
turbations in the systemic clotting system stimulate the 
ongoing quest for alternative treatment regimens. Re- 
cent studies have shown that the mechanism of action 
of the endogenous plasminogen activators, tissue-type 
plasminogen activator (t-PA) and single-chain uroki- 
nase-type plasminogen activator (scu-PA, pro-uroki- 
nase), are quite distinct? and that these mechanisms 
may act complementarily to produce synergistic lytic 
effects: t-PA binds to fibrin, undergoes a conformation- 
al change, and as a result manifests greater (more than 
300-fold) catalytic efficiency as a plasminogen activa- 
tor.4+°> Scu-PA is more catalytically active against glu- 
plasminogen bound to fibrin than in solution.? In vivo 
synergism for thrombolysis has been demonstrated in 
both rabbit and dog models of intravascular thrombo- 
sis.°-8 However, only limited information is available 
about the consequences of simultaneous infusions of 
both agents in patients with acute myocardial infarc- 
tion. If such synergism occurred in patients, it might 
allow a significant reduction in the total dose of either 
agent needed for thrombolysis, thus lowering costs and 
potentially reducing the risks of bleeding. In this report, 
we describe the clinical results obtained after the co- 
administration of low-dose t-PA and scu-PA to 23 pa- 
tients with acute myocardial infarction. 


METHODS 

This study was conducted by investigators from the 
following institutions: Brigham and Women’s Hospital 
and Beth Israel Hospital, Boston, Massachusetts; The 
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Johns Hopkins Hospital and St. Agnes Hospital, Balti- 
more, Maryland; Methodist Hospital, Indianapolis, In- 
diana; St. Elizabeth’s Hospital, Boston, Massachu- 
setts; Tufts-New England Medical Center, Boston, 
Massachusetts; and The University of Michigan Medi- 
cal Center and St. Joseph’s Hospital, Ann Arbor, 
Michigan. 

Inclusion criteria: Patients aged 18 to 76 years with 
suspected acute myocardial infarction, characterized by 
chest pain lasting for 230 minutes, were screened for 
entry. The inclusion criteria included ST-segment ele- 
vation of 0.1 mV in at least 2 contiguous precordial 
leads or 2 limb leads and an interval <6 hours between 
the onset of symptoms and the start of the administra- 
tion of the thrombolytic agent. The currently accepted 
contraindications for thrombolytic therapy were used as 
exclusion criteria.’ In addition, patients with cardiogen- 
ic shock, percutaneous transluminal coronary angio- 
plasty within 6 months, prior coronary artery bypass 
grafting, or any documented systolic pressure >180 
mm Hg or diastolic pressure >110 mm Hg were ex- 
cluded. The protocol was approved by each hospital’s 
institutional review board, and all patients provided 
written informed consent before entry into the study. 

Materials: Scu-PA (batch numbers V76/1 and 
V76/2) was supplied by Sandoz Research Institute, 
Hanover, New Jersey, in vials containing 500,000 [U 
of scu-PA in lyophilized form. The biologic origin of 
the scu-PA used was the human kidney cell line TCL- 
598 with a specific activity of 181,000 [U/mg. t-PA 
was obtained from Genentech, South San Francisco, 
California, as alteplase. 

Study design: The study was designed as an open- 
label prospective trial. Upon enroilment, 2 peripheral 
intravenous access routes were established and pa- 
tients immediately received a 5,000 IU heparin bolus. 
Thrombolysis was initiated with 20% of the customary 
recommended dose (20 mg) of t-PA administered in- 
travenously as a 10 mg bolus followed by a 10 mg infu- 
sion over 60 minutes. Immediately after commencing 
the t-PA infusion, a 724,000 IU (4 mg) intravenous 
bolus of scu-PA followed by a 60-minute infusion of 
2,226,000 TU (12.3 mg) were administered through a 
separate intravenous line. This represents approximate- 
ly 20 to 25% of currently reported doses of scu-PA 
when used as monotherapy.'? Heparin was begun at 
1,000 IU/hour after completion of the t-PA/scu-PA 
infusions. The heparin dose was subsequently adjusted 
to maintain the partial thromboplastin time at 1.5 to 2 
times ‘control and continued for a minimum of 18 
hours. Aspirin, 80 mg/day, was initiated on the day 
after thrombolytic therapy and continued until the hep- 
arin infusion ended at which time the dose was in- 
creased to 325 mg/day. All other medications, includ- 
ing antiischemic and antiarrhythmic agents, diuretics, 


analgesics and sympathomimetics, were administered 
as required. Blood samples for coagulation variables 
and routine chemistry and hematologic studies were ob- 
tained before and at 60, 90 and 240 minutes after initi- 
ation of thrombolytic therapy. 

Coronary angiography using the Judkins technique 
was performed within 90 minutes in all patients. The 
initial infarct artery injection was assessed in the Coro- 
nary Angiography Core Laboratory according to the 
Thrombolysis in Myocardial Infarction Trial (TIMI)?: 
grade 0 no perfusion detected, grade | penetration of 
contrast without perfusion, grade 2 partial perfusion, 
and grade 3 complete perfusion. Patients graded 2 or 3 
at 90 minutes after initiation of t-PA/scu-PA infusions 
were classified as responders, whereas those graded 0 or 
1 were classified as nonresponders. Presumptive identi- 
fication of the infarct-related artery was based on visu- 
alizing residual intracoronary thrombus or stenosis in 
the vessel supplying myocardium considered to be isch- 
emic because of associated wall motion abnormalities 
on ventriculography or ST-segment elevation on the 
electrocardiogram. 

Hematologic studies: Fibrinogen was measured by 
the sodium sulfite precipitation method.!! Blood sam- 
ples were collected in 13 mM trisodium citrate and 500 
KI dem! aprotinin (to prevent in vitro fibrinogenolysis), 
after which they were immediately cooled to 4°C. The 
samples were centrifuged at 800 g for 15 minutes to 
isolate plasma, which was then stored at —20°C for up 
to 6 weeks. Plasminogen and a-2-antiplasmin were 
measured using the chromogenic peptide substrate 
H-D-valyl-L-leucyl-L-lysyl-p-nitroanilide (S-2251) in 
plasma to which no aprotinin was added.!* The fibrin- 
(ogen) degradation products were measured according 
to the method of Mersky et al!3 in serum samples. Seri- 
al dilutions were performed on each serum sample until 
agglutination was no longer observed. Patient values 
are reported as the median of the range of the greatest 
dilution producing agglutination. '4 

Statistical methods: Values are expressed as means 
+ standard error of the mean in all cases. Mean values 
were compared using the student’s 7 test, with p <0.05 
considered significant. 


RESULTS 

Twenty-three patients (13 men and 10 women) sat- 
isfied the eligibility criteria and were enrolled in the 
study. Mean age of the patients was 61 + 10 years 
(range 33 to 75); average time from onset of chest pain 
to the administration of thrombolytic therapy was 2.6 
+ 1.1 hours (range 1.2 to 5.8). All 23 patients had 
myocardial infarction as documented by elevated plas- 
ma levels of myocardial specific enzymes. The infarct- 
related artery was the left anterior descending coronary 
artery in 39% (9 of 23), right coronary artery in 52% 
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TABLE I Pacent Characteristics 


Age (year) 
Men:women 
Height (cm) 
Weight (kg) 


61 + 10 (range, 33-75) 
13:10 
66 + 4 (range, 56-73) 
83.9 + 22.3 (range, 51-157) 
2.5 + 1.1 (range, 1.2—5.8) 


Time from symtom onset to throm- 
bolytic trea:-ent (hours) 
Coronary arte dccluded 
Left anteric mescending 
Left circunr Ex 
Right 


9/23 (39%) 
2/23 (9%) 
12/23 (52%) 


(12 of 23) æd the left circumflex coronary artery in 
9% (2 of 2=.. Study population characteristics are de- 
scribed in Tzble I. 

Infarct artery patency: A patent infarct vessel 
(TIMI grace 2 or 3) was present in 16 (70%) of 23 
patients on tte 90-minute angiogram. Two additional 
patients who were TIMI grade 0 or 1 at 90 minutes 
achieved TL“ I grade 3 flow at 113 and 150 minutes. 
Thus the combination regimen of low-dose t-PA and 
scu-PA ached successful infarct artery patency in 18 
of 23 patients (78%). 

In 10 paæænts, 60-minute angiograms were avail- 
able. Two patients who were TIMI grade 2 at 60 min- 
utes showed evidence of increasing intraluminal filling 
defects at 9% minutes associated with decreasing intra- 
coronary flow to TIMI grade 0 and 1. Of the remain- 
ing 8 patien:s 7 had maintained infarct artery patency 
on both the 30- and 90-minute angiograms and 1 pa- 
tient was tmable to achieve patency on either an- 
giogram. 

After am additional 20 mg of intracoronary t-PA, 
coronary an2Oplasty was attempted without success in 
2 patients wth persistently occluded infarct vessels at 
90 minutes. No patient required immediate coronary 
bypass surge7y. 

Hematolezic studies: Hematologic parameters were 
measured before treatment with t-PA and scu-PA, and 
at 1, 1.5 anz 4 hours after initiation of therapy. Ade- 
quate sampE= were available for measurement of these 
parameters o 17 of 23 patients. Peak effects of treat- 
ment were noted at 90 minutes, and were tending 
toward normal by 4 hours. Treatment had only a mod- 
est effect cn plasma fibrinogen, producing a trend 
toward a dexzase (15% reduction) that did not achieve 
statistical sig-ificance (Table II). Fibrinogen degreda- 
tion products increased significantly at 90 minutes by 
>20-fold; pasminogen and a-2-antiplasmin both de- 
creased signiicantly at 90 minutes by 31 and 23%, re- 
spectively. 

Adverse -zactions or bleeding complications: No 
bleeding episodes requiring termination of drug infusion 
or transfusicm occurred. There were no specific reports 
of localized matomas at either venipuncture or cathe- 





TABLE II Effect of t-PA/scu-PA on Hematologic Parameters 


90 Minutes After 
Treatment 


Before 


Hematologic Parameter Treatment 


369 + 207 
1.4 + 3.3 


316 + 192 
28.5 + 42,9* 


Fibrinogen (mg,‘dl) 

Fibrin(ogen) degradation 
products (ng/ml) 

Plasminogen (% initial 100 
value) 

Alpha-2-antiplasmin 100 
(% initial value) 


69 + 24* 


77 + 24* 


*p <0.001 compared with pretreatment value. 
scu-PA = single-chain urokinase-type plasminogen activator; t-PA = tissue-type 
plasminogen activator. 





terization sites. Hemoglobin declined from 14.7 + 0.1 
g/dl before treatment to 12.2 + 0.2 g/dl (p <0.001) 
after cardiac catheterization. 

The single hospital death related to thrombolytic 
drug infusion occurred in a 66-year-old man with an 
acute inferior Q-wave myocardial infarction. Six and 
one-half hours after initiation of drug infusion he be- 
came confused and subsequently unresponsive. Emer- 
gency-computed tomography of the brain confirmed an 
intraventricular and cerebral hemorrhage. Despite in- 
tensive supportive therapy, progressive hypotension en- 
sued and he died 42 hours later. The patient had no 
clinical bleeding from other procedure sites including a 
radial artery puncture and femoral artery catheteriza- 
tion. He demonstrated no significant decline in fibrino- 
gen or elevation in fibrin(ogen) degradation products, 
and his coagulation parameters remained well within 
clinically appropriate range with peak values (in sec- 
onds) of: protime 13.6, control 12.5; partial thrombo- 
plastin time 70.3, control <30; thrombin time 20, and 
control <25. Postmortem examination confirmed sig- 
nificant coronary and cerebral arteriosclerosis, patent 
coronary arteries and diffuse cerebral microvascu- 
lar amyloidosis. Hemorrhagic foci were predominantly 
noted at sites of the cerebral amyloid angiopathy. 


DISCUSSION 

The last 10 years bear witness to a remarkable evo- 
lution in medical management strategies for treating 
acute myocardial infarctions. The observations of De- 
Wood et al!> that virtually all Q-wave myocardial in- 
farctions are precipitated by occlusive coronary throm- 
bosis have stimulated several now familiar clinical trials 
that have convincingly demonstrated significant reduc- 
tions in mortality when patients receive early intrave- 
nous thrombolytic therapy. It is generally agreed that 
the predominant mechanism of action of these agents is 
rapid lysis of the obstructing intracoronary thrombus. ! 

Concerns regarding increased bleeding risks, limi- 
tations of invasive procedures performed soon after 
thrombolysis and high costs may inhibit the use of these 
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drugs. Efforts to enhance efficacy and broaden applica- 
bility of thrombolytic therapy include using “front- 
loaded” t-PA dosing regimens, genetically engi- 
neered drug mutants that have prolonged half-lives 
or enhanced fibrin-specificity, various combinations of 
thrombolytic and antiplatelet agents or, more recently, 
thrombolytic and selective antithrombin agents.!-!8 
This study demonstrates the feasibility of low-dose syn- 
ergistic combinations of t-PA and scu-PA in achieving 
a satisfactory infarct-artery patency rate with only min- 
imal effects on systemic clotting parameters. 

The combination of scu-PA and t-PA has shown 
significant synergism in vitro as well as in both rabbit 
jugular vein and dog coronary artery thrombosis in vivo 
models.36-8 The concentration range in which syner- 
gism is observed is 15 to 25% of the minimum throm- 
bolytic dose of each drug used alone. Recently, Collen 
and Van de Werf!? reported that combined infusions of 
t-PA and scu-PA at monotherapy doses of 10% pro- 
duced rapid coronary clot lysis in 7 of 9 patients, al- 
though Tranchesi and colleagues” failed to demon- 
strate effective clot lysis at slightly larger doses. In a 
larger study, Bode et al?! administered 12 mg of t-PA 
and 48 mg of scu-PA to 38 patients with acute myocar- 
dial infarction and demonstrated an 81% infarct artery 
patency rate at 90 minutes. No unusual adverse effects 
have been reported in combination trials of t-PA and 
scu-PA. 

The patency rates of 70% at 90 minutes and 78% 
overall presented in this study compare favorably with 
the best results reported in the other thrombolytic 
combination trials with t-PA and streptokinase (75%), 
scu-PA and urokinase (65%) and t-PA and urokinase 
(73%).22-*4 Intravenous monotherapy regimens with t- 
PA, streptokinase, anisoylated plasminogen streptoki- 
nase activator complex or scu-PA generally are associ- 
ated with patency rates of 60 to 75%. A perfusion rate 
approaching 90% was recently reported using a “front- 
loaded” regimen with the traditional 100 mg dose of 
t-PA, !6 

Early studies indicate that an initial lag phase pre- 
cedes the lytic activity of scu-PA but not that of t- 
DAD Pannell et al? and Gurewich”® believe that scu- 
PA principally activates glu-plasminogen after it has 
undergone a specific conformational change induced by 
binding to C-terminal lysine residues in fibrin. These 
become available only after clot degradation has been 
initiated by plasmin elaborated from glu-plasminogen 
by the actions of clot bound t-PA. By contrast, t-PA 
preferentially activates plasminogen bound to intact fi- 
brin, thereby initiating fibrin degradation and creating 


kb C-terminal lysines and also providing the plasmin re- 


quired to activate scu-PA to urokinase on the fibrin 
surface. The 2 activators are therefore complementary 


in that they activate different fibrin-bound plasmino- 
gen. This complementary mechanism of action is be- 
lieved to explain their synergy. 

Minimal depression of fibrinogen levels were noted 
in this study, suggesting that the use of these agents in 
doses that alone have little efficacy can, in combination, 
achieve considerable infarct artery patency with preser- 
vation of relative fibrin selectivity. Larger trials will 
need to verify that this is not confounded by an in- 
creased reocclusion rate, 

A low incidence of adverse reactions was found in 
these patients. Despite the performance of cardiac cath- 
eterization during or immediately after the drug infu- 
sion, there was no bleeding necessitating blood transfu- 
sion or termination of therapy. One patient had guaiac 
positive emesis. The single death directly related to 
drug therapy occurred in a patient with previously un- 
diagnosed cerebral microvascular amyloidosis, a condi- 
tion associated with an increased risk of spontaneous 
intracerebral hemorrhage. Although studies have failed 
to dernonstrate a reduced incidence of bleeding with 
relatively fibrin-specific agents, this may in part be due 
to the loss of fibrin specificity at therapeutically effec- 
tive doses. Larger trials are needed to determine if the 
smaller hemostatic perturbations associated with low- 
dose, combination therapy will translate into reduced 
bleeding or safer performance of urgent invasive or sur- 
gical procedures. 

This pilot study suggests that a combination of one- 
fifth standard dose t-PA and scu-PA results in a near 
maximal rate of infarct artery patency with minimal 
associated perturbations in the hemostatic system. As 
in the other combination thrombolytic trials, the regi- 
men reported here included concurrent full dose hepa- 
rin, oral aspirin, and standard antiischemic medications 
including nitrates, calcium channel antagonists, and 6 
blockers. Recent reports suggest the possible impor- 
tance of concomitant intravenous heparin therapy to 
maintain infarct-artery patency in patients treated with 
t-PA, and for optimization of the effects of scu-PA 
when also used alone; our results must be considered 
with this in mind.*’-2 

The limited number of patients studied precludes 
drawing conclusions about the additional role of rescue 
percutaneous transluminal coronary angioplasty when 
combination thrombolytic regimens are unsuccessful. 
Two patients with persistent occlusion at 90 minutes 
underwent urgent percutaneous transluminal coronary 
angioplasty without success despite the additional use of 
intracoronary t-PA. Topol et ali) however, demon- 
strated improved patency and reduced mortality with 
rescue percutaneous transluminal coronary angioplasty 
in patients treated with combination t-PA and uroki- 
nase versus t-PA alone. Similarly, it is unclear if combi- 
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nation regirrens will diminish the 15 to 20% early reoc- 
clusion rate demonstrated with single-agent therapy. 
Interestingly, Grines reported a reocclusion rate of only 
8% in patiems treated with full-dose streptokinase and 
50% t-PA.= 
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APPENDIX 

The Pro-Urokinase for Myocardial Infarction Study 
Group Study personnel: CLINICAL CENTERS: Brigham & 
Women’s Hospital and Beth Israel Hospital, Boston, 
Massachusetts: James M. Kirshenbaum, MD, Princi- 
pal Investigator, J. Anthony Ware, MD, Co-Investiga- 
tor, Douglas E. Vaughan, MD, Co-Investigator, Donna 
Maciak, RN, Coordinator; Methodist Hospital of In- 
diana: Richard R. Schumacher, MD, Principal Investi- 
gator, Russell Valentine, MD, Co-Investigator, Rich- 
ard Wenzler, MD, Co-Investigator, Sherry Kerner-Sle- 
mons, RN, BS, Coordinator; The Johns Hopkin’s Hos- 
pital and St. Agnes Hospital (Paul Dudley White 
Coronary Care System), Baltimore, Maryland: John 
Flaherty, MD, Principal Investigator, Raymond D. 
Bahr, MD, Principal Investigator, Richard J. Bouchard, 
MD, Co-Investigator, Stephen J. Plantholt, MD, Co- 
Investigator, Anil Fatterpaker, MD, Co-Investigator, 
Eduardo Marban, MD, PhD., Co-Investigator, Frank 
C.P. Yin, MD, PhD., Co-Investigator, Susan N. Town- 
send, RN, BS, Coordinator; Tufts New England Medi- 
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cal Center, Boston, Massachusetts: Herbert J. Levine, 
MD, Principal Investigator, Deeb N. Salem, MD, Co- 
Investigator, N.A. Mark Estes, III, MD, Co-Investiga- 
tor, Marvin A. Konstam, MD, Co-Investigator, Regina 
Miele, RN, Coordinator; University of Michigan Med- 
ical Center and St. Joseph’s Hospital, Ann Arbor, 
Michigan: Eric J. Topol, MD, Principal Investigator, 
Dennis Wahr, MD, Co-Investigator, Elizabeth Nabel, 
MD, Co-Investigator, Stephen Ellis, MD, Co-Investiga- 
tor, Eric Bates, MD, Co-Investigator, Eva Kline, RN, 
Coordinator. 


COORDINATING CENTER: Harvard Medical School, 
Boston Massachusetts: Eugene Braunwald, MD, Di- 
rector, Victor Gurewich, MD, Consultant. 

HEMATOLOGY CORE LABORATORY: Brigham & 
Women’s Hospital, Boston, Massachusetts: Joseph 
Loscalzo, MD, PhD, Director, Dorinda George, AB, 
Senior Technician. 

ANGIOGRAPHY CARE LABORATORY: Brigham & 
Women’s Hospital, Boston, Massachusetts: James M. 
Kirshenbaum, MD, Director, Peter Ganz, MD, Co-Di- 
rector. 


COMBINATION THROMBOLYTIC THERAPY 1569 





Effectiveness of Double Bolus Alteplase in the 
Treatment of Acute Myocardial Infarction 


ohn A. Purvis, MRCP, Tom G. Trouton, MD, Michael J. D. Roberts, MRCP, 
Fascal McKeown, MRCP, Michael G. Mulholland, MB, Gavin W. N. Dalzell, MD, 
Carol M. Wilson, MD, George C. Patterson, MD. Sam W. Webb, MD, 
Mazhar M. Khan, FRCP, Norman P. S. Campbell, MD, and A. A. Jennifer Adgey, MD 


Fifty-nine -onsecutive patients presenting within 


6 hours of the onset of symptoms of an acute 
myocardial infarction were treated with 150 mg 
of soluble 2spirin orally, and either 70 or 100 
mg of alteplase divided into 2 intravenous bolus 
injections separated by 30 minutes. Dosage regi- 
mens were either 20 followed by 50 mg (group 
A), 50 follosved by 20 mg (group B), or 50 fol- 
lowed by SO mg (group C). Coronary angiogra- 
phy 60 minutes after the first bolus showed in- 
farct-related coronary artery patency (Thrombo- 
lysis in Myecardial Infarction score 2 or 3) in 13 
of 16 (81°) patients in group A, 12 of 17 (71%) 
in group B, and 10 of 11 (91%) in group C 
(overall pat=ncy rate at 60 minutes: 35 of 44 
[80%] patients; 95% confidence interval 68 to 
91%). At S0 minutes, patency rates were 15 of 
20 (75%) zatients in both groups A and B, and 
18 of 19 (95%) in group C (overall patency rate 
48 of 59 [31%] patients; 95% confidence inter- 
val 72 to ©:1%). Residual thrombus was identi- 
fied with the: 90-minute angiogram in 7 patients 
in group A, 5 in group B, and 3 in group C. Al- 
though these was no statistically significant dif- 
ference in patency between the 3 dosage regi- 
mens at either 60 or 90 minutes there was a 
trend toward increased patency and more com- 
plete thrombolysis at 90 minutes in group C. No 
episodes of bradyarrhythmia, hypotension or ce- 
rebrovascuiar bleeding were observed after dou- 
bie bolus therapy. There were 7 episodes (12%) 
of reocclusaon, and 3 deaths (5%) within 1- 
month folle+-up. Double bolus alteplase therapy 
is a convenient and highly effective method of 
promoting early coronary artery patency. 

(Am J Cardio! 1991;68:1570-—1574) 
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recombinant tissue-type plasminogen activator 

(rt-PA) in acute myocardial infarction is well- 
established. Using this regimen, infarct-related coro- 
nary artery patency (Thrombolysis in Myocardial In- 
farction [TIMI] score 2 or 3) is achieved in 71% of 
patients 90 minutes after beginning treatment. !? When 
administered within 5 hours of the onset of symptoms 
of acute myocardial infarction, this regimen preserves 
left ventricular function, and reduces infarct size and 
mortality.? Recently, interest has been shown in front- 
loaded dosage regimens of alteplase (predominantly 1- 
chain rt-PA) with the aim of promoting early infarct- 
related coronary artery patency and improving myocar- 
dial salvage.* In this study we investigated the effect of 
administering a total dose of either 70 or 100 mg of 
alteplase divided into 2 bolus injections separated by 30 
minutes. 


T: efficacy of a 3-hour infusion of 100 mg of 


METHODS 

Sixty consecutive patients were admitted to the cor- 
onary care unit of the Regional Medical Cardiology 
Centre through the mobile coronary care unit, accident 
and emergency department, or cardiac ward between 
February and August 1990. Patients were enrolled in 
the study if they had chest pain of =30 minutes and 
<6 hours duration, were aged between 18 and 75 
years, and had electrocardiographic changes consistent 
with acute myocardial infarction (ST-segment elevation 
>] mm in 2 precordial or 2 inferior leads). 

Patients were excluded if they had a history of 
bleeding diathesis, recent surgery or trauma, significant 
hypertension (>180 mm Hg systolic or >110 mm Hg 
diastolic pressure), any cerebrovascular event, diabetic 
retinopathy, active peptic ulceration or any condition 
precluding coronary angiography or thrombolytic ther- 
apy. Patients were also excluded if they were of child- 
bearing potential, taking warfarin, nonsteroidal antiin- 
flammatory drugs or aspirin, had electrocardiographic 
or historical evidence of myocardial infarction in that 
territory, or had an electrocardiogram showing left 
bundle branch block. 

The protocol was approved by the research ethical 
committee of the Faculty of Medicine of the Queen’s 
University of Belfast. Informed consent was obtained 
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from the patients or their relatives before administra- 
tion of thrombolytic therapy. 

Three dosage regimens were chosen to investigate 
the effect of a total dose of either 70 or 100 mg of 
alteplase (Boehringer Ingelheim Ltd.) and differentiate 
between the effects of an initial bolus of either 20 or 50 
mg of alteplase (Figure 1). 

All patients received intravenous diamorphine for 
pain relief and were monitored continuously. Two in- 
travenous cannulas were inserted into opposite forearm 
veins for drug administration and blood sampling, re- 
spectively. Blood samples were obtained before admin- 
istration of the first bolus, then 90 minutes later and 
then daily for 3 days. Five milliliters of whole blood 
were collected at baseline and daily thereafter for cre- 
atine kinase assay for 3 days, and plasma samples were 
‘collected at O and 90 minutes in citrated tubes for esti- 
mation of fibrin D-dimer levels using an enzyme-linked 
immunosorbent assay kit. After receiving a 150 mg 
tablet of soluble aspirin, patients were randomized to 
receive either 20 mg of alteplase as an intravenous bo- 
lus delivered over 3 to 5 minutes followed by a 50 mg 
bolus 30 minutes later (group A), 50 followed by 20 
mg (group B), or 50 followed by 50 mg (group C) 
(Figure 1). 

Randomization was achieved by allocating dosage 
in random sequence to numbered packs that were used 
consecutively. 

The primary end point of this study was infarct- 
related coronary artery patency 90 minutes after the 
first bolus injection (angiogram 1). Secondary end 
points were patency at 60 minutes (angiogram 0) and 
at 19 to 48 hours (angiogram 2), and all clinical events 
occurring up to 1 month after treatment. 

Coronary angiography was performed by the Jud- 
kin’s technique, and patency was assessed according to 
TIMI score (0 or 1 = no reperfusion; 2 or 3 = patent 
artery).? In all cases, grading was performed on the 
first coronary injection. If the infarct-related artery was 
occluded at 60 minutes, no further injections were per- 
formed until 90 minutes. No heparin was administered 
until after the 90-minute angiogram. Five thousand 
units of heparin were then administered intravenously 
to patients with patent coronary arteries (TIMI score 2 
or 3), followed by an intravenous infusion of heparin at 
1000 U/hour. Patients who did not reperfuse at 90 
minutes received a 30 mg intravenous infusion of alte- 
plase over 90 minutes, followed by the intravenous hep- 
arin regimen (groups A and B only), or underwent me- 
chanical probing of the obstruction, followed by heparin 
(group C). Thus, in no case did the total dose of alte- 
plase exceed 100 mg. 

Early reocclusion was assessed by coronary angiog- 
raphy 19 to 48 hours after the first bolus injection. Pa- 
tient management after the 90-minute angiogram was 





selected by the initial investigator. Angiograms were 
subsequently reviewed and graded by 2 investigators 
who were unaware of the dose regimen given (GCP 
and CMW). 

Reperfusion grades for the different dosage regi- 
mens were examined using the chi-square test for asso- 
ciation. The conventional 5% level of statistical signifi- 
cance was adopted as standard. 


RESULTS 

Study patients: Sixty consecutive patients were 
treated. One hypoxic (arterial oxygen pressure 5 kPa), 
confused patient was excluded because her symptoms 
were subsequently found to be of 12 hours duration 
(this patient had a patent coronary artery 60 minutes 
after treatment). Thus, 59 patients (45 men and 14 
women, mean age 59 years, range 29 to 75) were in- 
cluded in the analysis. Twenty-four patients had anteri- 
or and 35 had inferior infarctions by the electrocardio- 
graphic criteria previously defined. In 8 cases with 
Clearly defined electrocardiographic changes of acute 
myocardial infarction, the peak serum level of creatine 
kinase did not increase to greater than twice the upper 
limit of normal for our laboratory (normal = 145 
U /liter). 

Median delay from onset of symptoms to first bolus 
injection was 130 minutes (range 55 to 355). Thirty-six 
patients received the first bolus outside the hospital 
from mobile coronary care unit staff (median delay 
from onset of symptoms to treatment 122 minutes, 
range 55 to 240). Twenty-one patients received the first 
bolus at the accident and emergency department, and 2 
were treated in the cardiac ward. The demographic de- 
tails of the study population are listed in Table I. 

D-dimer assay: Mean (+ standard deviation) base- 
line concentrations of fibrin d-dimer in the 3 groups 
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TIME 30 MINS: 


TIME 60 MINS: 


TIME 90 MINS: 


TIME 18-48 HOURS: 


ANGIOGRAM 2 
FIGURE 1. Double bolus alteplase study regimen. 
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TABLE I Derograpbtc Details of the Study Group 
Group A 


20 
57 
19 
170 
77 
77 


Group B Group C 


No. of pts. 

Mean age (y= 
Sex (men) 

Mean height) 


19 
58 
14 
166 
72 
72 


Mean weight dei 

Mean initial art rate 
(min~1) 

Mean initial bod pres- 
sure (mm —=) 

Median delas „enset of 
symptoms-t first bolus 
(min) 


125/75 123/77 120/69 


135 122 130 





were: group +, 101 + 62 ng/ml; group B, 119 + 53; 
and group G, 109 + 68. These levels increased to 1,877 
+ 1,082, 2,20 + 1,342 and 2,685 + 1,410 ng/ml, 
respectively, az 90 minutes (p = not significant). 

Angiograpric data: Coronary angiography was per- 
formed in 44 patients at 60 minutes after the first bo- 
lus injection “angiogram 0). Coronary artery patency 
(TIMI score 2 or 3) was seen in 13 of 16 (81%) pa- 
tients in group A, 12 of 17 (71%) in group B, and 10 of 
11 (91%) in group C. Among patients with patent ves- 
sels (TIMI sxcre 2 or 3) at 60 minutes, residual throm- 
bus was seen 1 5 cases in group A, 3 in group B, and 2 
in group C (Coure 2). There was no statistically signif- 
icant differem= in patency rates between the 3 groups 
at 60 minutes (chi-square = 2.25, p >0.05). The over- 
all patency ree was 35 out of 44 patients (80%, 95% 
CI = 68 to =.%). 

Fifty-nine patients were studied at 90 minutes (an- 
giogram 1). =atency (TIMI 2 or 3) was observed in 15 
out of 20 (73-5) patients in both Group A and Group 
B. In Group ©, 18 out of 19 (95%) had patent coro- 


NO. OF TIENTS 
20 


AA) B/M ç C/M 
GROUP/ANGIOGRAM 


A/A2 


C] PATENT (TIMI 2,3) ES 
REOCCLUDED AT A3 OCCLUDED 





S 


B/A2 


nary arteries (Figure 2). There was no statistically sig- 
nificant difference in patency among the 3 groups (chi- 
square = 3.18, p >0.05). The overall patency rate was 
48 of 59 patients (81%; 95% confidence interval 72 to 
91%). 

Fifty-six patients returned for angiography between 
19 and 48 hours after the first bolus (angiogram 2, 
mean delay 33 hours) (Figure 2). Two patients were 
too ill for repeat catheterization, and 1 needed femoral 
arterial surgery for a sheath transection. Among pa- 
tients with patent coronary arteries at 90 minutes there 
were no reocclusions at repeat angiography in group A 
(despite the presence of residual thrombus at 90 min- 
utes in 7 patients), and only 1 reocclusion in group B 
(residual thrombus was observed in this patient). In 
group C there were 3 patients with reocclusion within 
the first 48 hours (none of whom had residual throm- 
bus at 90 minutes). 

Of the 10 patients in groups A and B needing addi- 
tional alteplase at 90 minutes, coronary artery patency 
(TIMI score 2 or 3) was achieved in 7 cases (3 in group 
A, and 4 in group B). The 1 patient in group C who 
underwent mechanical probing had a patent artery 
(TIMI score 3) 24 hours after the procedure (Figure 
2). 

One patient in group A reoccluded on day 5, and 2 
in group C reoccluded on days 6 and 14, respectively. 
Thus, the total number of reocclusions was 7 (12%). 

Nineteen patients (32%) underwent elective percu- 
taneous transluminal coronary angioplasty within 6 
weeks of study entry (1 needed emergency coronary 
artery bypass grafting for an unsuccessful procedure). 
Elective angioplasty was performed for high-grade re- 
sidual stenosis (>90%) of the infarct-related coronary 
artery in all cases; of these 19 patients, the severity of 


\ 


FIGURE 2. Outcome of infarct-related cor- 
onary artery at angiograms 0 to 2. 

A = group A; AO = angiogram at 60 min- 
utes; Al = angiogram at 90 minutes; 

A2 = angiogram at 19 to 48 hours; 

B = group B; C = group ©. 
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the stenosis alone was the reason for the angioplasty in 
11, there was continuing chest pain in 5, a strongly pos- 
itive exercise stress test in 1, and coronary artery 
reocclusion had occurred in 2. Four patients (7%) have 
subsequently undergone elective coronary artery by- 
pass grafting for severe 3-vessel disease and continuing 
symptoms (range 3 to 9 months). 

Adverse events: In general, adverse events were mi- 
nor (Table II). The most frequent bleeding complica- 
tion was bruising at the arterial puncture site. One pa- 
tient pulled his arterial sheath out and needed a trans- 
fusion of 1 unit of blood. In another case, a femoral 
sheath was transected by a Seldinger needle and embo- 
lized into the profunda femoris artery requiring opera- 
tive removal and blood transfusion. Another patient 
with antithrombin III deficiency was found to have a 
hemoglobin level of 9 g/dl before treatment and was 
given 1 unit of blood after treatment. 

One patient from each group developed gingival 
bleeding shortly after beginning thrombolytic therapy. 
In all 3 cases, this stopped spontaneously within 90 
minutes. There was | episode each of hemoptysis and 
hematemesis. There were no cerebrovascular bleeding 
complications. 

Arrhythmic events were infrequent. Three patients 
had episodes of ventricular fibrillation before bolus 
therapy. One patient needed direct current cardiover- 
sion for ventricular fibrillation after injection of radio- 
graphic contrast into the right coronary artery during 
the 60-minute angiogram. Another patient with intrac- 
table heart failure had ventricular fibrillation on day 15 
before dying on day 16. Two patients needed intrave- 
nous antiarrhythmic therapy for sustained ventricular 
tachycardia within 8 hours of thrombolytic treatment. 

In 7 patients, the initial rhythm was complete heart 
block (initial systolic blood pressure range 50 to 110 
mm Hg). In all 7 patients, 1:1 atrioventricular conduc- 
tion had returned by the 90-minute angiogram. None 
of these patients needed temporary pacing. 

No patient developed bradycardia or hypotension 
(systolic blood pressure <80 mm Hg) after administra- 
tion of either bolus of alteplase. 

Three patients (5%) died. In addition to the patient 
who died from intractable heart failure, 1 died from a 
ventricular septal defect on day 2 before surgery could 
be instituted, and the third also developed a ventricular 
septal defect on day 2 and did not survive cardiopulmo- 
nary bypass after operative repair. 


DISCUSSION 

The rationale for bolus administration of rt-PA fol- 
~. lows a report by Agnelli et al? in 1985 in which it was 
observed that despite its short plasma half-life rt-PA 
dissolves thrombus up to 4 hours after the end of an 





TABLE H Distribution of Adverse Events in the Study Group 


Group A Group B Group C 















Femoral hematoma 
Bleeding gums 
Hematemesis 
Hemoptysis 
Sheath complication 
Ane nia 

Venzricular tachycardia 
Death 
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intravenous infusion. This finding was confirmed in pa- 
tients with infarcts by Eisenberg et al Both studies 
attributed their findings to protection of rt-PA and 
plasmin from circulating plasma inhibitors by fibrin 
binding. 

The first use of bolus rt-PA therapy in humans was 
reported by Khan et al.” A regimen of 4 bolus injec- 
tions of 25 mg of duteplase administered at 20-minute 
intervals was compared with a 100 mg infusion. The 
acute recanalization rates (90-minute angiogram) were 
79 and 58%, respectively, for bolus and infusion thera- 
pies (p = not significant). There was a trend toward 
earlier recanalization with bolus therapy (28 vs 39 min- 
utes). In contrast to this multibolus technique, Ver- 
straete et al® have investigated the efficacy of 1 large 
bolus injection of alteplase in patients with acute myo- 
cardial infarction and demonstrated 60-minute patency 
rates (TIMI score 2 or 3) ranging from 32 to 72% for 
doses of 50 to 70 mg. We adopted administration of a 
second intravenous bolus 30 minutes after the initial 
bolus (i.e., 7 plasma half-lives later), when plasma lev- 
els of alteplase should be <1% of peak levels.’ 

Our results show that high early patency rates (80% 
at 60 minutes) can be achieved by either 70 or 100 mg 
of double bolus alteplase. This result compares favor- 
ably with the 60-minute patency rates achieved by oth- 
er thrombolytic agents and regimens (e.g., 48% for 1.5- 
megaunit infusion of streptokinase, 60% for 2-megaunit 
bolus of urokinase, and 74% for a 100 mg accelerated 
infusion of alteplase).!°-!4 Although there was a trend 
in our study toward the 100 mg regimen at 60 minutes, 
no statistically significant difference in patency rates 
was demonstrated. Again, at 90 minutes there was no 
significant improvement in the high patency rates ob- 
served at 60 minutes (80 vs 81%) and no statistically 
significant difference between the 3 regimens was ob- 
served, although there was a trend toward group C. 
This suggests that the total dose of double bolus alte- 
plase is the most important factor in determining paten- 
cy at 90 minutes. Gemmill et all? obtained an 87% 
patency rate (TIMI score 2 or 3) at 90 minutes in 30 
patients treated with 2 bolus injections of 35 mg of alte- 
plase separated by 30 minutes. This result differs from 
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our findings on total dose, but the numbers involved in 
both studies =re small, and comparison should be made 
with caution It is, however, apparent from both studies 
that early ccronary patency can be achieved in a high 
percentage -f patients by double bolus therapy. 

Residual thrombus was observed in a patent vessel 
(TIMI scorz 2 or 3) at the 90-minute angiogram in 7 
patients in 2roup A, 5 in group B, and 3 in group C. 
This finding suggests that the rate of thrombolysis, as 
judged by razency and lack of residual thrombus, was 
greatest in gup C, and least in group A. Support for 
this observazon is found in the higher levels of fibrin d- 
dimer at 90 minutes in group B compared with that in 
group A (2,£00 vs 1,877 ng/ml). Although not statisti- 
cally significant, this result suggests more extensive lysis 
of cross-linked fibrin with the larger initial bolus. 

There wre 7 reocclusions (12%) during the course 
of this studr. 5 occurred in group C. This is not unex- 
pected in vew of the high patency rate achieved in 
group C at JO minutes (18 of 19 patients); 12 of 17 
patients in this group were symptomatically free of 
reocclusion <r reinfarction at 1-month follow-up. The 
rate of reinfé-ction with double bolus therapy was not 
greater tham that associated with infusion therapy.'4 
Heparin was not administered until after the 90-minute 
angiogram it this study, and earlier administration may 
have reduced thrombin formation and clot regeneration 
resulting in a lower reocclusion rate.'> Delay in heparin 
administraticn did not lead to occlusion of the arterial 
sheath. 

Bleeding <omplications observed were mostly minor 
and related the arterial puncture site. Agnelli!® sug- 
gested that raid administration of rt-PA will cause less 
fibrinogenolyas and fewer bleeding complications than 
will infusior -herapy owing to the rapid clearance of 
non-clot-boucd rt-PA. No cerebrovascular bleeding oc- 
curred in th2 study population after the bolus adminis- 
tration of alceplase, nor did we observe significant bra- 
dycardia or hypotension. Interestingly, hemodynamic 
improvement occurred in all 7 patients with complete 
heart block. =arly coronary reperfusion was associated 
with only 1 episode of ventricular fibrillation that may 
have been die to angiographic intervention alone. 
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Relation of Technetium-99m Pyrophosphate 
Accumulation to Time Interval After Onset of 
Acute Myocardial Infarction as Assessed by a 

Tomographic Acquisition Technique 


Thomas Krause, MD, Wolfgang Kasper, MD, Andreas Zeiher, MD, 
Carl Schuemichen, MD, and Ernst Moser, MD, PhD 


Technetium-99m pyrophosphate (Tc-99m PYP) 


myocardial scintigraphy was performed in 110 
clinically stable patients with acute or healed 
acute myocardial infarction (AMI). Tomography 
was performed 12 hours to 7 days (group A), 7 
to 30 days (Group B), 1 to 6 months (Group C) 
and after >6 months (group D) after AMI. All 40 
patients in group A, 9 of 31 in group B, 1 of 22 
in group C, and no patient (0 of 17) in group D 
had a pathologic Tc-99m PYP tomogram. Rela- 
tive Tc-99m PYP accumulation within the area 
of infarction was measured as infarct zone to 
blood pool ratio, which decreased significantly (p 
<0.001) from group A (1.54 + 0.39) to group B 
(0.89 + 0.24), group C (0.8 + 0.19) and group D 
(0.76 + 0.13). These data were confirmed by se- 
quential scintigraphy in 17 patients. It is con- 
cluded that a persisting Tc-99m PYP uptake is 
rarely found >1 month after AMI using tomo- 
graphic imaging techniques in clinically stable 
patients with coronary artery disease. Positive 
results on Tc-99m PYP tomography are a reli- 
able indicator of AMI. Thus, Tc-99m PYP to- 
mography is not only a sensitive but also a spe- 
cific imaging technique for AMI, which might be 
especially useful for diagnosis of reinfarction. 
(Am J Cardiol 1991;68:1575-1579) 
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has been demonstrated to be a sensitive marker 

of acute myocardial infarction (AMI).!? Tc- 
99m PYP scintigraphy, however, remaining persistently 
positive for at least up to 8 months, was reported to be 
frequently found with planar imaging technique.*° The 
low specificity of the planar acquisition of Tc-99m PYP 
infarction scintigraphy, approximately 50 to 80%, re- 
duces its value in the diagnosis of reinfarction.>:’~? Clin- 
ical studies have demonstrated tomographic acquisition 
to be superior to planar imaging in many respects.!0!! 
However, whether persistent Tc-99m PYP accumula- 
tion after AMI is due to artifacts resulting from the 
planar acquisition technique or due to ongoing myocar- 
dial necrosis has not been solved. This study evaluates 
whether persistently positive Tc-99m PYP scintigrams 
may also occur in clinically stable patients using a 
tomographic imaging technique. A dual tracer myocar- 
dial scintigraphic imaging technique was used, combin- 
ing Tc-99m PYP as a tracer for AMI and thallium 
(T1)-201 as an anatomic marker for the myocardium. 


T echnetium-99m pyrophosphate (Tc-99m PYP) 


METHODS 

Myocardial scintigraphy was performed in 110 pa- 
tients (mean age 54 + 12 years, range 20 to 80) at 
various time points after AMI. Sequential myocardial 
scintigrams were recorded in a subset of 17 patients 
(Figure 1). Scintigraphy was performed in 40 patients 
12 hours to 7 days after AMI (group A), in 31 patients 
after 7 to 30 days (group B), in 22 patients 1 to 6 
months after infarction (group C), and in 17 patients 
after >6 months (group D). None of these patients had 
clinical evidence of subsequent AMI or persistent angi- 
na (symptoms, electrocardiography, creatine kinase). 

The diagnosis of myocardial infarction was made 
when at least 2 of the following 3 criteria were fulfilled: 
(1) severe substernal chest pain unresponsive to nitrates 
during AMI, (2) elevation of total serum creatine ki- 
nase >70 U/liter with MB-isoenzyme fraction exceed- 
ing 7%, and (3) standard electrocardiographic criteria 
consistent with the diagnosis of AMI.!¢ 

Myocardial imaging: All patients were examined 
during a stable phase of their disease. Imaging was be- 
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Anterior/ 
Time After Inferior 
AMI infarction 


20/20 
17/14 
10/12 
10/7 


*Significant difw=nce in group A compared with groups B, C and D (p <0.001) 


Positive 
Studies 


3 + 2 days 
17 + 6 days 

3 + 1 mos. 

3 + 2 yrs. 


Uptake Ratio 
Te-99m PYP* 


1.54 + 0.39 
0.89 + 0.24 
0.80 + 0.19 
0.76 + 0.13 


een 


er oOo, 


Relative Size 
Tc-99m PYP* 
(segments) 


2.73 + 1.28 
0.90 + 0.74 
0.84 + 0.65 
0.72 + 0.50 


Relative Size 
TI-201 
(segments) 


2.65 + 1.55 
2.58 + 1.11 
3.03 + 1.72 
2.51 + 1.70 


Q/Non-Q-Wave 
Myocardial 
infarction 


AMI = acute my ardia! infarction; PYP = pyrophosphate: Tc = technetium; Ff = thallium. 





gun 2.5 to 7 hours after intravenous injection of 90 
MBg of T1-291 and 200 to 370 MBq of Tc-99m PYP 
(Tecephos, Eehringwerke Marburg). Scintigrams were 
recorded usicg a 38 cm large field-of-view camera 
(Dyna 4, Picxer) with 2 impulse height analyzers. A 
commercial 7-pinhole collimator focused at 13.5 cm 
with 7 5.3 m pinholes was fitted to the camera. Ener- 
gy discrimirecion was provided by a 15% window cen- 
tered on the 75 keV peak for Tl-201 and a 5% window 
centered op 140 keV for Tc-99m. This adjustment 
yields optinte. results as shown in a previous study.!! 
Seven-pinhole tomography was acquired as recently re- 
ported. !3 

Scatter eerrections: The raw data were corrected 
for down. sc tered Tc-99m counts and for radioactivity 
from "TL 201 zamma rays (135 and 167 keV) according 
to the following formulas!: a = A — Ba, b= B — AB 
where a = corrected Tl-201 counts, A = total sample 
counts at 75 EN. a = Tc-99m standard at 75 keV /Tc- 
99m standa: at 140 keV, b = corrected Tc-99m 


Necrosis/Blood Pool Ratio 





counts, B = total sample counts at 140 keV, and 8 = 
Tl-201 standard at 140 keV/TI1-201 standard at 
75 keV. 

Data processing and overlay technique: T]-201 and 
Tc-99m tomograms were separately reconstructed ac- 
cording to the method used by Vogel et al.!4 Sixteen 
sections of nominal 0.8 cm intervals were generated. 
After reconstruction, images were viewed using a 15- 
step color scale. For dual isotope display, the Tc-99m 
images were background-subtracted to ensure that re- 
sidual blood pool activity was just below the display 
limit. Then the images were inversely colored and over- 
laid on the normally colored "TL 201 images. 

For sizing the infarction, each short-axis slice was 
subdivided into 8 segments. Relative size of the Tl-201 
defects and the Tc-99m PYP accumulation was ex- 
pressed as the number of segments involved. The results 
of 6 slices were averaged. Tc-99m PYP uptake ratio 
was assessed by calculating Tc-99m PYP target to 
blood pool ratios for the area of infarction and for myo- 


30d 
Time of Examination after AMI 


FIGURE 1. Tin- course of technetium-99m pyrophosphate accumulation in 17 patients with early imaging (within 7 days after 
acute myocard:al infarction [AMI]) and follow-up examination (13 days to 4 years). Infarct to biocod pool ratio in the latter scinti- 


grams decreas</ in all cases. 
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Rate of Positive Findings (%) 


FIGURE 2. Positive rate (infarct to blood 
pool ratio >1.0) of technetium-99m pyro- 
phosphate scintigraphy depending on the 
time of examination after acute myocardi- 
al infarction (AMI). 


12h-7d 


n= 40 


cardium with normal Tl-201 uptake, respectively. Tc- 
99m PYP uptake ratio >1.0 was considered abnormal 
if measured on =2 contiguous short-axis slices. T]-201 
defects had to be present on at least 2 contiguous short- 
axis slices as well. 

Statistical analysis: Values reported are mean + | 
standard deviation. Comparisons between groups were 
made with the Fisher’s exact test. For multiple-compar- 
ison Scheffé’s method was applied. 


RESULTS 

Scintigraphic findings in the four different groups: 
Table I summarizes the clinical and scintigraphic pa- 
rameters. A perfusion defect on the Tl-201 tomograms 
was seen in all patients studied. The relative size of the 
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FIGURE 3. Acute transmural anteroseptal infarction. Short- 
axis cut of combined thallium-201 Aechnetium-99m pyrophos- 
phate tomography 3 days after acute myocardial infarction 
showing marked technetium-99m pyrophosphate uptake (yek 
low and green) in the anteroseptal wall. Normal thallium-201 
accumulation is red. 














8d- 30d 
Time of Examination after AMI 
n= 31 ns 22 


perfusion defect did not differ between the 4 groups 
(groups A to D: 2.65 + 1.55, 2.58 + 1.11, 3.03 + 1.72 
and 2.51 + 1.7 segments). Moreover, Tl-201 defect 
size was comparable in patients in group B with and 
without positive Tc-99m PYP accumulation (Tc-99m 
PYP-+, 2.6 + 1.8 segments; Tc-99m PYP—, 2.2 + 1.6 
segments). Tc-99m PYP uptake (Figure 2) was present 
in all 40 patients in group A (AMI within 7 days) (Fig- 
ure 3), 9 of 31 patients in group B (7 to 30 days after 
AMI), 1 of 22 patients in group C (1 to 6 months after 
AMI), and no (0 of 17) patient in group D (>6 





FIGURE 4. Anteroseptal infarction 8 months before scintigra- 
phy. Short-axis cut of combined thallium-201 Aechnetium- 
99m pyrophosphate tomography showing an evident region of 
reduced (blue) or even absent activity at the anteroseptal wall 
(sithuettes indicated by dotted lines). Furthermore, increased 
thallaim-201 uptake was noted at right ventricular wall (ar- 
row). No pathologic technetium-99m pyrophosphate accumu- 
lation in the anteroseptal wall is seen. Remaining activity of 
left ventricular blood pool is yellow. 
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months after AMI) (Figure 4). Compared with group 
A, patients a Groups B, C and D had significantly 
lower Tc-9Sm PYP uptake ratio (1.54 + 0.39 vs 0.89 
+ 0.24, OS + 0.19, 0.76 + 0.13; p <0.001). How- 
ever, despite: a Tc-99m PYP uptake ratio <1 in the 
zone of the “1-201 defect, this ratio was still higher in 
47 of 70 stud_es of groups B, C and D compared with 
the Tc-99m PYP uptake ratio of myocardium with 
normal Tl-221 accumulation versus blood pool (0.81 + 
0.18 vs 0.53 = 0.05; p <0.001). In the same way, the 
size of area= with increased uptake of Tc-99m PYP 
above that o myocardium with normal T1-201 accu- 
mulation als: decreased (groups A to D: 2.73 + 1.28, 
0.90 + 0.74, 0.84 + 0.65 and 0.72 + 0.50 segments). 
These findings were independent of the location of in- 
farction in ef her the anterior or posterior wall. 

Scintigrarhic findings of the 17 patients with se- 
quential examinations: In 17 patients, acute examina- 
tion 2.8 + 21 days after AMI was followed by an ad- 
ditional exarmaation 1 week to 4 years later. All initial 
tomograms during the acute phase of AMI demon- 
strated a Tc-2%9m PYP uptake ratio >1. The Tc-99m 
PYP uptake atio decreased in all patients at the fol- 
low-up exams tations from 1.79 + 0.4 to 0.84 + 0.23 (p 
<0.01) (Figuce 1). Only 4 of these 17 patients exhib- 
ited a Tc-99m PYP uptake ratio of >1 on days 2, 13, 
16 and 17, rsspectively, and 1 patient had it 4 months 
after AMI. 


DISCUSSION 

The preset study demonstrates that in clinically 
stable patien: without any evidence of persistent isch- 
emia, (1) persistently positive Tc-99m PYP tomogra- 
phy is rarely seen >1 month after AMI (1 of 39; 3%), 
and (2) relaxe intensity as well as extension of Tc- 
99m PYP utake decreases after 1 week post-AMI. 
Other invest:gators using the planar technique have 
also observed -ading Tc-99m PYP accumulation on fol- 
low-up scintizrams.>° In particular, low-grade diffuse 
uptake has beea described in persistently positive scinti- 
grams.*°.8:15-y In agreement with these reports com- 
paring myoceredium with normal and decreased T1-201 
accumulation, we identified slightly increased Tc-99m 
PYP uptake Cuptake ratio 0.5 to 1.0) compared with 
normal myocardium in 69% of the patients in groups B, 
C and D Y%vertheless, the tomographic technique 
classified 97% f these studies as normal. 

Tc-99m FP tomography has been shown to be a 
sensitive methcd for detecting AMI.!-? Even non-Q- 
wave infarction can be reliably detected, especially 
when performed by overlay technique with an anatomic 
marker such zs either tomographic blood pool or Tl- 
201 scintigrars. JOS Although the 7-pinhole technique 
used for this study is apparently restricted by a limited 
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depth resolution,!3!? it has been shown to correctly 
identify and localize AMI.!!:!8 However, the value of 
Tc-99m PYP infarction imaging has been questioned 
on several occasions because of persistently positive 
scintigrams.>-’-? Prior studies performed as planar scin- 
tigrams, reporied persistently positive findings in up to 
57% of the examinations within the first year after 
AMI*?!> and prompted the search for more suitable 
markers for necrosis. Indium-111 antimyosin, a mono- 
clonal antibody highly specific in delineating myocardi- 
al damage,” appeared most promising.2!-23 However, 
owing to the slow blood clearance of the tracer, imag- 
ing can be performed only 24 to 48 hours after injec- 
tion,21:24 

In contradistinction to indium-111 antimyosin scan- 
ning, Tc-99m PYP tomography of AMI is possible 
within the first hours.2°-2” Tc-99m PYP scintigraphy is 
particularly attractive for diagnosing acute myocardial 
necrosis when specificity is high. All previous studies 
reporting a low specificity of Tc-99m PYP scintigraphy 
were performed with the planar imaging technique.*}’-? 

Several reasons may explain positive scintigrams not 
related to AMI. This has been reported for persistent 
Tc-99m PYP blood pool activity,®:!!28 left mastecto- 
my,®? extensive AMI or ventricular aneurysm.*:7!!.16 
However, in the present study, infarct size determined 
by Tl-201 tomograms in group B patients with and 
without positive Tc-99m PYP uptake was not signifi- 
cantly different. Several factors may add up to an ap- 
parently positive planar scintigram, such as faint blood 
pool activity, slightly increased focal Tc-99m PYP up- 
take (uptake ratio 0.5 to 1.0), and physiologic accumu- 
lation in the bone. Tomographic imaging by dual radio 
isotope technique as a necessary prerequisite for sup- 
porting blood pool subtraction enables discrimination of 
adjacent structures and blood pool activity and there- 
fore avoids misinterpretation. 

Moreover, persistently positive Tc-99m PYP imag- 
ing can also be true positive, indicating ongoing myo- 
cardial necrosis.*3° According to clinicopathologic stud- 
ies, a persistently positive scintigram was frequently 
correlated with myocytolytic degeneration and fibro- 
sis 21 acute?3!32 or recurrent ischemia*!’ and chronic 
ischemic injury.3?33 Persistent Tc-99m PYP uptake 
was found to predict cardiac death or impairment of 
left ventricular zunction.®32:33 

Study limitation: In this study we did not compare 
the planar and tomographic imaging techniques. There- 
fore, no conclusion can be drawn on the frequency of 
false-positive planar Tc-99m PYP scintigrams. 

Conclusions: The present study shows that a positive 
Tc-99m PYP tomogram reliably indicates an acute 
myocardial necrosis and thus may be especially useful 
for detecting reinfarction. Tomographic imaging of Tc- 
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99m PYP accumulation may increase the specificity of 
this technique. 


REFERENCES 

1. Buja LM, Parkey RW, Stokely EM, Bonte FJ, Willerson JT, Pathophysiology 
of technetium-99m stannous pyrophosphate and thallium-201 scintigraphy of 
acute anterior myocardial infarcts in dogs. J Clin Invest 1976;57:1508-1522. 
2. Buja LM, Tofe AJ, Kulkarni PV, Mukherjee KA, Parkey RW, Francis MD, 
Bonte FJ, Willerson JT. Sites and mechanisms of localization of technetium-99m 
phosphorus radiopharmaceuticals in acute myocardial infarcts and other tissues. J 
Clin Invest 1977,60:724~740. 

3. Willerson JT, Parkey RW, Bonte FJ, Meyer SL, Atkins JM, Stokely EM. 
Technetium stannous pyrophosphate myocardial scintigrams in patients with 
chest pain of varying etiology. Circulation 51:1046-1051. 

4. Buja LM, Poliner LR, Parkey RW, Pulido JI, Hutcheson D, Platt MR, Mills 
LJ, Bonte FJ, Willerson JT. Clinicopathologic study of persistently positive tech- 
netium-99m stannous pyrophosphate myocardial scintigrams and myocytolytic 
degeneration after infarction. Circulation 1977;56:1016-1023. 

5. Malin FR, Rollo FD, Gertz EW. Sequential myocardial scintigraphy with 
technetium-99m stannous pyrophosphate following myocardial infarction. J Nuci 
Med 1978;19:1111-1115. 

6. Olson HG, Lyons KP, Aronow WS, Kuperus J, Orlando J, Hughes D. Prognos- 
tic value of a positive technetium-99m stannous pyrophosphate myocardial scinti- 
gram after myocardial infarction. Am J Cardiol 1979;43:889-898. 

7. Ahmad M, Dubiel JP, Logan KW, Verdon TA, Martin RH. Limited clinical 
diagnostic specificity of technetium-99m stannous pyrophosphate myocardial im- 
aging in acute myocardial infarction. Am J Cardiol 1977;39:50-54. 

8. Prasquier R, Taradsh M, Botvinick EH, Shames DM, Parmley WW. The 
specificity of the diffuse pattern of cardiac uptake in myocardial infarction imag- 
ing with technetium-99m stannous pyrophosphate. Circulation 1977;55:61-66. 
9. Turi ZG, Rutherford JD, Roberts R, Muller JE, Jaffe AS, Rude RE, Parker C, 
Raabe DS, Stone P, Hartwell TD, Lewis SE, Parkey RW, Gould HK, Robertson 
TL, Sobel B, Willerson JT, Braunwald E. Electrocardiographic, enzymatic and 
scintigraphic criteria of acute myocardial infarction as determined from study of 
726 patients (A MILIS study). Am J Cardiol 1985;55:1463-1468. 

10. Corbett JR, Lewis M, Willerson JT, Nicod PH, Huxley RL, Simon T, Rude 
RE, Henderson E, Parkey R, Rellas JS, Buja LM, Sokolov JJ, Lewis SE. 99m-Tc- 
pyrophosphate imaging in patients with acute myocardial infarction: comparison 
of planar imaging with single-photon tomography with and without blood pool 
overlay. Circulation 1984;69:1 120-1128. 

11. Krause T, Kasper W, Schiimichen C, Meinertz T, Joseph A, Just H. Im- 
proved detection of acute myocardial infarction by means of combined thallium- 
201 /technetium-99m-PPi-tomography compared to planar infarction imaging. Z 
Kardiol 1989;78:161~-166. 

12. Zema MJ. Q wave, ST segment, and T-wave myocardial infarction: useful 
clinical distinction. Am J Med 1985;78:391-398. 

13. Krause T, Schtimichen C, Fischer R, Strauss E, Hoffmann G. Simultaneous 
201T1/99mTc-seven-pinhole tomography in acute myocardial infarction. Nucl 
Med 1986;25:99-105. 

14. Vogel RA, Kirch D, LeFree M, Steele P. A new method ef multiplanar 
emission tomography using a seven pinhole collimator and an Anger scintillation 
camera. J Nucl Med 1978;19:648-654. 

15. Olson HG, Kenneth PL, Aronow WS, Broen WT, Greenfield RS. Follow-up 
technetium-99m stannous pyrophosphate myocardial scintigrams after acute 
myocardial infarction. Circulation 1977;56:181-187, 

16. Botvinick EH, Shames DM, Sharpe DN, Klausner SC, Werner JA, Chatter- 
jee K, Parmley WW. The specificity of pyrophosphate myocardial scintigrams in 
patients with prior myocardial infarction: concise communication. J Nucl Med 
1978;19:1121-1125. 


47. Mason JW, Myers RW, Alderman EL, Stinson EB, Gorgis ML, Kriss JP. 
Technetium-99m pyrophosphate myocardial uptake in patients with stable angina 
pectoris. Am J Cardiol 1977;40:1-5. 

18. Krause T, Joseph A, Kutzner C, Kasper W, Schiimichen C, Just H, Moser E. 
Acute myocardial infarction delineated by noninvasive thallium 201 /technetium- 
99m pyrophosphate tomography. Nucl Med Com 1990;11:617-629. 

49. Williams DL, Ritchie JL, Harp GD, Caldwell JH, Hamilton GW. In vivo 
simulation of thallium-201 myocardial scintigraphy by seven-pinhole emission 
tomography. J Nucl Med 1980;21:821-828. 

20. Khaw BA, Fallon JT, Beller GA, Haber E Specificity of localization of 
myosin-specific antibody fragments in experimental myocardial infarction: histo- 
logic, histochemical, autoradiographic and scintigraphic studies. Circulation 
1979;60:1527-1531. 

21. Johnson LL, Seldin DW, Becker LC, LaFrance ND, Liberman HA, James 
C, Mats JA, Dean RT, Brown J, Reiter A, Arneson V, Cannon PJ, Berger HJ. 
Antimyosin imaging in acute transmural myocardial infarctions: results of a 
multicenter clinical trial. J Am Coll Cardiol 1989;13:27-35, 

22. Khaw BA, Strauss HW, Moor R, Fallon JT, Yasuda T, Gold HK, Haber E. 
Myocardial damage delineated by indium-111 antimyosin Fab and technetium- 
99m pyrophosphate. J Nucl Med 1987;28:76-82. 

23. Volpini M, Giubbini R, Gei P, Cuccia C, Franzoni P, Riva S, Terzi A, Metra 
M, Bestagna M, Visioli O. Diagnosis of acute myocardial infarction by indium- 
111 amtimyosin antibodies and correlation with the traditional techniques for the 
evaluation of extent and localization. Am J Cardiol 1989;63:7-13. 

24. Knaw BA, Yasuda T, Gold HK, Leinbach RC, Johns JA, Kanke M, Barlai- 
Kovach M, Strauss HW, Haber E. Acute myocardial infarct imaging with indi- 
um-111-labeled monoclonal antimyosin Fab. J Nucl Med 1987;28:1671~1678. 
25. Kondo M, Yuzuki Y, Arai H, Shimizu K, Morikawa M, Shimono Y. Com- 
parison of early myocardial technetium-99m pyrophosphate uptake to early peak- 
ing of creatine kinase and creatine kinase-MB as indicators of early reperfusion in 
acute myocardial infarction. Am J Cardiol 1987;60:762-765. 

26. Parkey RW, Kulkarni PV, Lewis SE, Datz FL, Dehmer GJ, Gutekunst DP, 
Buja LM, Bonte FJ, Willerson JT. Effect of coronary blood flow and site of 
injection on Tc-99m PPi detection of early canine myocardial infarcts. J Nucl 
Med 1981;22:133-137. 

27. Wheelan K, Wolfe C, Corbett J, Rude RE, Winniford M, Parkey RW, Buja 
LM, Willerson JT. Early positive technetium-99m stannous pyrophosphate im- 
ages as a marker of reperfusion after thrombolytic therapy for acute myocardial 
infarction. Am J Cardiol 1985;56:252-256. 

28. Berman DS, Amsterdam EA, Hines HH, Salel AF, Bailey GJ, DeNardo GL, 
Mason DT. New approach to interpretation of technetium-99m pyrophosphate 
scintigraphy in detection of acute myocardial infarction. Am J Cardiol 1977;39: 
341-346. 

29. Kiein MS, Weiss AN, Roberts R, Coleman RE. Technetium-99m pyrophos- 
phate scintigrams in normal subjects, patients with exercise-induced ischemia and 
patients with a calcified valve. Am J Cardiol 1977;39:360-363. 

30. Croft CH, Rude RE, Lewis SE, Parkey RW, Poole WK, Parker C, Fox N, 
Roberts R, Strauss W, Thomas LJ, Raabe DS, Sobel BE, Gold HK, Stone PH, 
Braunwald E, Willerson JT. Comparison of left ventricular function and infarct 
size in patients with and without persistently positive technetium-99m pyrophos- 
phate myocardial scintigrams after myocardial infarction: analysis of 357 Pa- 
tients. Am J Cardiol 1984;53:421-428. 

31. Poliner LR, Buja LM, Parkey RW, Bonte FJ, Willerson JT. Clinicopatholog- 
ic findings in 52 patients studied by technetium-99m stannous pyrophosphate 
myocardial scintigraphy. Circulation 1979;59:257~267. 

32. Donsky MS, Curry GC, Parkey RW, Meyer SL, Bonte FJ, Platt MR, 
Willerson JT. Unstable angina pectoris: clinical, angiographic, and myocardial 
scintigraphic observations. Br Heart J 1976;38:257-263. 

33. Nicod P, Lewis SE, Corbett JC, Buja LM, Henderson G, Raskin P, Rude RE, 
Willerson JT. Increased incidence and clinical correlation of persistently abnor- 
mal technet:um pyrophosphate myocardial scintigrams following acute myocardi- 
al infarction in patients with diabetes mellitus. Am Heart J 1982;103:822-829. 


TECHNETIUM-99m PYROPHOSPHATE ACCUMULATION 1579 


Np I e PHP RA ty 
KEE 
gd 
RE 





instructions to Authors 


Manuscripts are received with the understanding that they are sub- 
mitted solely tc THE AMERICAN JOURNAL OF CARDIOLO- 
GY, that upon submission, they become the property of the Pub- 
lisher, that the work has not been previously published, and that 
the data in the x-anuscript have been reviewed by all authors, who 
agree with the emalysis of the data and the conclusions reached in 
the manuscript. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced 
without the wr-tzn permission of the Publisher. Statements in arti- 
cles are the responsibility of the authors. 

ADDRESS MEfINUSCRIPTS TO: William C. Roberts, MD, Editor 
in Chief, THE AMERICAN JOURNAL OF CARDIOLOGY, 
7960 Old Georzztown Road, Suite 2C, Bethesda, Maryland 20814. 
Please include iLe corresponding author’s phone number. The cover 
letter should state precisely and concisely the significance and 
uniqueness of t= work in the authors’ view. The authors may state 
the extent of r” concessions they are readily prepared to make 
(for example, the elimination of 1 or more figures or tables or a 
portion of the t2<z) to increase the likelihood of publication of their 
work in the Jozal. Several names and addresses should be pro- 
vided of nonlocal experts who, in the authors’ view, could provide 
objective and irformed reviews of their work. The names of investi- 
gators considered unlikely by the authors to give nonbiased reviews 
of their work also may be submitted. This request is honored. 

Submit 3 cozes (1 original and 2 copies) of the entire manu- 
script including .ext, references, figures, legends and tables. Study 
recent past issues of the Journal for format. Arrange the paper as 
follows: (1) title zage, which should include the title, the full names 
and academic cegrees of the authors, and the institution and city 
and state or city and country from which the work originated; (2) 
second title page, with only the title of the article (page not num- 
bered); (3) abstrect; (4) text; (5) acknowledgment; (6) references; 
(7) figure legerxcs; (8) miniabstract for Table of Contents that in- 
cludes the full tle and names (without academic degrees) of the 
authors (page ot numbered); and (9) tables. Number the title 
page as 1, abstrect page as 2, and so forth. (Leave the second title 
page and the m-riabstract page unnumbered.) Type on 22 X 28 cm 
(8.5 X 11 inch} aper, on 1 side only of each sheet, double-spaced 
(including refere:ces) with at least 25-mm (l-inch) margins. 

The second tit:e page, which omits the names and institutions of 
authors, gives tLe Editor in Chief the option of acquiring blinded or 
nonblinded revizas. References to the institution in the text or to 
the author’s prev eus work in the Reference section must be deleted 
or written in a ‘manner that prevents identification of authors and 
institution. Lab: figures with the manuscript title rather than the 
authors’ names so that blinded reviews can be solicited. Authors 
should state wh.ch type of review they wish in the cover letter. 

TITLE PAGE, 7BSTRACT AND MINIABSTRACT: For the com- 
plete title page, celude the full first or middle and last names of all 
authors. List the: institution and address from which the work origi- 
nated, and prove information about grant support if necessary. If 
the work descril<d is supported by a grant from a pharmaceutical 
company, that fect should be stated on the title page. Add at the 
bottom the phrase, “Address for reprints:” followed by full name 
and address with-cip code. Add a 2- to 4-word running head. Limit 
the abstract to Fi words and the Table of Contents miniabstract to 
150 words. List Z ło 6 key words for subject indexing at the end of 
the abstract or -Srief Report. 

STYLE: Use arpropriate subheadings throughout the body of the 
text, such as the Ifethods, Results and Discussion. Tables, figures 
and references s-uld be mentioned in numerical! order throughout 
manuscript. Abkseviations are permitted, but no more than 3 per 
manuscript, and. gen they must be used on every page of the manu- 
script after they zre initially spelled out (followed by the abbrevia- 
tion) in both absract and introduction. Abbreviations are usually 
limited to terms ‘in the manuscript’s title. Use generic names of 
drugs. Do not sæ- out any number, including those less than 10, 
except when use= for opening a sentence, but try not to begin sen- 
tences with nurrters. Use symbols for less than (<), greater than 
(>) and percent. %). Indent for paragraphs except the first one in 
both abstract and :ntroduction. Consult the Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals, published in 
The Annals of B-ternal Medicine June 1982;96:766-771, and also 
the Stylebook/Ex#orial Manual of the AMA. 


REFERENCES: List all authors, year, volume and inclusive pages 
for all journal references, and specific page numbers for all book 
references as shown below. Abstracts should not be used as refer- 
ences. Do not use periods after authors’ initials or after abbrevia- 
tions for titles of journals. Check Index Medicus or Annals of In- 
ternal Medicine (June 1982) as cited above for journal titles and 
abbreviations. Personal communications and unpublished observa- 
tions do not constitute references, but may be mentioned within the 
text. 


Journal: Harvey W, Heberden W, Withering W, Stokes W, 
Murrell W, Einthoven W, Osler W. Anomalies and curiosities 
of cardiology and of cardiologists. Reflections of famous med- 
ical Williams. 4m J Cardiol 1984;53:900~915. 


Chapter in Book: Cabot RC, White PD, Taussig HB, Levine 
SA, Wood P, Friedberg CK, Nadas AS, Hurst JW, Braun- 
wald E How te write cardiologic textbooks. In: Hope JA, ed. 
A Treatise on Disease of the Heart and Great Vessels. Lon- 
don: Yorke Medical Books, 1984:175~200. 


Book: Carre! A, Cutler EC, Gross RE, Blalock A, Craffoord 
C, Brock RC, Bailey CP, DeBakey ME. The Closing of 
Holes, Replacing of Valves and Inserting of Pipes, or How 
Cardiovascular Surgeons Deal with Knives, Knaves and 
Knots. New York: Yorke University Press, 1984:903. 


FIGURES: Submit 3 glossy unmounted prints of each photograph 
and drawing. Artwork of published articles will not be returned 
unless requested. Use black ink for all charts (line drawings). Use 
arrows to designate special features. Crop photographs to show 
only essential fields. Identify figures on back by title of the article; 
omit the authors’ names so that blinded reviews can be obtained. 
Number figures in the order in which they are mentioned in the 
text. Indicate the top of each figure. Submit written permission 
from the publisher and author to reproduce any previously pub- 
lished figures. Limit figures to the number necessary to present the 
message clearly. Type figure legends on a separate page, double- 
spaced. Identify at the end of each legend and in alphabetical order 
all abbreviations in the figure. The cost of color reproduction must 
be paid by the author. 


TABLES: Place each table on a separate page, typed double- 
spaced. Number each table in Roman numerals (Table I, H, etc.) 
and title each table. Identify in alphabetical order at the bottom of 
the table all abbreviations used. When tabulating numbers of pa- 
tients, use no more than 2 lines, preferably only 1 line, per patient. 
Use a plus sign (+) to indicate “positive” or “present,” a zero (0) 
for “negative” or “absent,” and dash (—) for “no information 
available” or “not done.” Do not use “yes” or “no” or “none.” 


BRIEF REPORTS and CASE REPORTS: Brief Reports and Case 
Reports should be limited to no more than 4 text pages (including 
the title page) and 6 references. Neither an abstract nor a Table of 
Contents miniabstract is required for a Brief or a Case Report. 
Subheadings are not used. Provide a summary sentence at the end. 


READERS’ COMMENTS: The author who submits a “letter” for 
consideration for publication should provide a cover letter on his/ 
her own stationery to the Editor in Chief stating why the letter 
should be published. The letter (as well as references) for consider- 
ation for publication should be typed, double-spaced, on a separate 
sheet of plain white paper and limited, with few exceptions, to 2 
pages. The origina: and 2 copies should be submitted. A title for 
the letter should be provided at the top of the page. At the end of 
the letter, the writer’s full name and city and state (or country if 
outside the US) should be provided. The author’s title and institu- 
tion should not be included. A letter concerning a particular article 
in the Journal must be received (from authors within the US) with- 
in 2 months of the article’s publication. 


REPRINTS: Price schedules and order cards for reprints are 
mailed to the author upon publication of the article. Individual re- 
prints must be obteined through the author. 

PERMISSIONS: Permission to reproduce figures published in the 
Journal is obtained by writing to: The Managing Editor, THE 
AMERICAN JOURNAL OF CARDIOLOGY, 249 West 17th 
St., New York, NY 10011. 


1580 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 


`a. 


EE TTT 


Prognostic Significance of Silent Myocardial 
Ischemia in Variant Angina Pectoris 
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Andrea Pozzati, MD, and Paolo Puddu, MD 





The present study investigates the prognostic 
significance of silent myocardial ischemia in vari- 
ant angina. Forty-eight-hour Holter monitoring 
and coronary angiography were performed in 54 
patients with transient ST elevation and no histo- 
ry of myocardial infarction admitted to the coro- 
nary care unit for worsening of symptoms. Coro- 
nary artery spasm was documented in most of 
these patients. Over the subsequent month, 20 
patients (group 1) had a major coronary event (2 
died, 6 had nonfatal myocardial infarction and 
12 had urgent coronary revascularization), and 
the remaining 34 patients (group 2) had a good 
clinical outcome. From 2,578 hours of recording, 
547 ischemic episodes were identified of which 
only 9% were associated with angina. The mean 
daily number of ST elevation in group 1 was sim- 
ilar to that in group 2 (4.8 + 5.1 vs 4.1 + 4.6; 

p = not significant). Conversely, the mean daily 
duration of such ischemic episodes was consis- 
tently greater in group 1 than in 2 (79 + 36 vs 
37 + 25 minutes; p <0.005). The occurrence of 
z1 long-lasting (210 minutes) episode of ST ele- 
vation was observed in 18 of 20 patients in 
group 1 (sensitivity 90%), but only in 4 of 34 in 
group 2 (specificity 88%). Significant coronary 
atherosclerosis (>50% stenoses) was found at 
angiography in 18 of 20 patients in group 1, and 
in 18 of 34 in group 2. Furthermore, morpholog- 
ic analysis of coronary angiograms revealed the 
presence of a complex coronary stenosis (over- 
hanging edges, irregular borders or intracoro- 
nary thrombus) in 16 of 20 patients in group 1, 
but only in 4 of 34 in group 2 (p <0.0005). It is 
concluded that silent myocardial ischemia is an 
important predictor of unfavorable short-term 
clinical outcome due to high-risk (complex mor- 
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phology) coronary stenoses in variant angina. 
Patients with coronary artery spasm but without 
plaque disruption have a benign prognosis. 

(Am J Cardiol 1991;68:1581-1586) 


at rest refractory to medical treatment form 
a high-risk group is well-established.!-2 Other 
studies indicate that the elimination of symptoms alone 
may not ensure a favorable outcome? and demonstrate 
that persisting silent ischemia is associated with a great- 
er occurrence of atherosclerotic plaque disruption and 
subsequent coronary events in unstable angina.+° How- 
ever, no agreement exists on the type of ST changes 
more frequently associated with an adverse short-term 
prognosis. The incidence of arrhythmias, acute myocar- 
dial infarction and consequent death has been found to 
be greater in patients with ST elevation (variant angi- 
na) than in those with ST depression, despite the obser- 
vation of similar ventricular function and coronary 
anatomy.°’ These results were not confirmed by other 
reports that found that patients exhibiting either ST de- 
pression or elevation, or both, were similar with respect 
to frequency of multivessel disease, left main stenosis or 
unfavorable outcome.® 
In this study we provide evidence that variant angi- 
na can be due to multiple causes, which implies vari- 
able susceptibility to coronary vasoconstriction, variable 
atherosclerosis involvement of coronary arteries, vari- 
able coronary stenosis morphology, and different acute 
risk for subsequent coronary events. Accordingly, selec- 
tion of different subsets of patients could account for 
previous discrepancies. 


T: fact that patients with persistent angina 


METHODS 

Patients: During a consecutive period of 24 months, 
54 patients with variant angina and no history of myo- 
cardial infarction were admitted to the coronary care 
unit. Variant angina was defined as the occurrence of 
typical chest pain at rest associated with transient ST 
elevation without evidence of acute myocardial infarc- 
tion (defined by typical changes on the electrocardio- 
gram or in serum cardiac enzyme release [creatine-ki- 
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nase >2 tires normal, with MB fraction >6%], or 
both). Criterza for exclusion from the study were: age 
>75 years; roninterpretable electrocardiogram; adverse 
outcome due to concomitant nonmyocardial disease; 
and severe hz=rt failure. Patients with severe heart fail- 
ure were excluded owing to the following consider- 
ations: (1) Ar unpaired ejection fraction is predictive of 
unfavorable e tcome in patients with unstable angina! 
(2) In the setting of left ventricular dysfunction, the 
remaining viacle contractile elements could be vulnera- 
ble to the cesdiodepressant effects of calcium antago- 
nists. This would have made it difficult to use a stan- 
dard drug trætment in all patients. Furthermore, pa- 
tients who developed an acute myocardial infarction in 
the first 24 hzurs were not enrolled in the study, be- 
cause our moceling strategy was based on Holter re- 
cordings that zt the present may give prognostic infor- 
mation only after 24-hour analysis.+ All patients were 
initially treatz= with a standard medical regimen (in- 
travenous nitrezlycerin [10 to 60 ug/min], oral calcium 
antagonists [verapamil 240 to 360 mg/day], 6 blockers 
{propranolol e to 240 mg/day] and oral aspirin [325 
mg/day]). AE-, 0.5 mg of intravenous nitroglycerin or 
5 mg of sublitgual isosorbide dinitrate were adminis- 
tered as needz<. None of the patients had bradycardia 
or ventricular =ysfunction during medical therapy. 

ST-segmea monitoring: Forty-cight-hour ST-seg- 
ment monitor:ng was begun 8 + 7 hours after the qual- 
ifying episode of chest pain. We used a 2-channel 
Holter syster. (Applied Cardiac System 8300 frequen- 
cy modulated recorders; frequency response 0.05 to 100 
Hz). The 2 leeds showing the most pronounced revers- 
ible ischemic changes on the initial qualifying 12-lead 
electrocardiogrzm were selected for analysis. Record- 
ings were print=d in a minielectrocardiogram format by 
a Telemed Saturn 3200 analyzer. Holter monitoring 
was interpretez by investigators unaware of the clinical 
data. Of the = patients, 34 had ST elevation and 20 
had isoelectric 5T segment on admission. Only episodes 
lasting =60 seconds and with 20.15 mV of ST-seg- 
ment shift weve considered for analytical purposes. All 
recordings were obtained while patients were resting in 
bed. Patients azd attending nurses kept a careful diary 
of symptoms. 

Coronary atgiography: Selective coronary angiog- 
raphy was performed within 1 week of admission. Of 
the 54 patients 12 underwent urgent cardiac catheter- 
ization 2.3 + 12 days after admission. The remaining 
patients underwent elective catheterization 6.6 + 1.5 
days after adr-ission. The severity and morphology 
of coronary aer stenosis were observed in multiple 
views. Analysis of the end-diastolic cineframes was per- 
formed by 2 teems of investigators, each comprised of 2 
observers expe~enced in angiographic interpretation 
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and unaware of the clinical data. Differences were me- 
diated by consensus. A stenosis 250% was considered 
significant. Complex angiographic morphology was de- 
fined as any significant asymmetric stenosis with irreg- 
ular borders, overhanging edges or intraluminal throm- 
bus. Correlation between electrocardiographic changes 
during angina and coronary anatomy at angiography 
has been described elsewhere.? When recognition of the 
ischemia-related stenosis was uncertain, the most severe 
narrowing of the artery was chosen for analysis. This 
applied only to 2 cases. None of the patients had steno- 
sis <50% associated with complex coronary morpholo- 
gy. Accordingly, patients with narrowing <50% were 
grouped together and classified as having “normal or 
near normal arteries.” 

Hyperventilation or ergonovine testing was per- 
formed in 38 of the 54 patients. Coronary spasm was 
diagnosed as a transient coronary artery occlusion ac- 
companied by evidence of transient ST-segment shifts 
=0.1 mV. It was relieved by sublingual or intravenous 
nitrates. 

Unfavorable outcome: Unfavorable hospital out- 
come was defined as myocardial infarction, death, or 
need for urgent aortocoronary bypass or percutaneous 
transluminal coronary angioplasty. The decision to per- 
form emergency revascularization was made according 
to protocol on the basis of the patient’s symptomatic 
behavior. 

Emergency revascularization required: (1) impend- 
ing myocardial infarction (e, need for thrombolysis 
owing to the occurrence of prolonged (230 minutes) 
chest pain accompanied by ST elevation 20.1 mV un- 
relieved by 0.5 mg intravenous nitroglycerin, relief of 
symptoms and ST elevation after intravenous thrombo- 
lysis, and no evidence of significant enzyme release); 
(2) recurrent (23 times daily) chest pain with accom- 
panying electrocardiographic changes of ischemia de- 
spite complete bed rest and medical regimen for =2 
days after the first 24 hours in the coronary care unit; 
and (3) severe (stenosis =70%) coronary artery disease 
associated with one of the above findings. 

Data analysis: We analyzed both quantitative and 
qualitative features. The former were expressed as 
mean + standard deviation, and comparisons were ob- 
tained with Student’s ¢ test for unpaired data and with 
Mann-Whitney test when appropriate. The latter were 
expressed as percentages and were arranged in 2 X 2 
contingency tables for statistical inference, and chi- 
square with Yates correction method was used. The 
Fisher exact test was also used when appropriate. 
Kaplan-Meyer analysis was used to examine the time- 
dependent cumulative probabilities of the outcomes, 
and differences were tested by the method of Breslow. 
A p value <0.05 was considered statistically significant. 
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TABLE I Clinical and Angiographic Features of 54 Patients with Variant Angina, and Relation to Prognosis 


Clinical Outcome 


Unfavorable 


(group 1: n = 20) 


59 
15/5 

2 (10) 
11 (55) 


Age (yrs) 
Men/women 
Diabetes mellitus (%) 
Previous angina (%) 
in-hospital therapy 
intravenous nitroglycerin (g/min) 
Propranolol (mg/day) 
Verapamil (mg/day) 
Aspirin (mg/day) 
Number of coronary arteries narrowed 
> 50% in diameter 
C-Vessel CAD (%) 
1-Vessel CAD (%) 
2-Vessel CAD (%} 
3-Vessel CAD (%) 
Mean IRA stenosis (%) 
Ejection fraction (mean %) 


37 +16 
116 + 40 
293 + 68 
325 


2 (10) 
10 (50) 

2 (10) 

6 (30) 
92 +6 
Gi + 11 


CAD = corcnary artery disease; IRA = ischemia-related artery; NS = not significant. 


RESULTS 

During hospitalization, 20 patients (group 1) had a 
major coronary event; 6 had nonfatal myocardial in- 
farction, 2 died and 12 underwent urgent coronary re- 
vascularization (8 angioplasties and 4 aortocoronary 
bypass operations). The remaining 34 patients (group 
2) had a good clinical outcome. Angiographic charac- 
teristics of the 2 study groups as well as details of anti- 
anginal therapy during Holter monitoring are listed in 
Table ï. After discharge, coronary angioplasty and by- 
pass procedures were performed in an additional 3 pa- 
tients. Elective interventions were not considered as 
unfavorable outcome, because their indications were 
mainly owing to persistence of symptoms of chronic 
stable angina, as well as to severe coronary artery dis- 
ease. 

Holter electrocardiographic monitoring: From 
2,578 hours of recording, 547 ischemic episodes were 
identified of which only 9% were associated with angi- 
na. Most patients (93%) had both symptomatic and 
asymptomatic ST shifts. The remaining 7% of patients 
had silent ischemia exclusively. Mean daily number of 
ST elevation per patient in group | was similar to that 
in group 2 (4.8 + 5.1 vs 4.1 + 4.6). Patients had few 
episodes of ST depression (76). Mean daily number of 
ST depression per patient in group 1 was not signifi- 
cantly different from that in group 2 (0.8 + 2.1 vs 0.7 
+ 1.7). Conversely, the mean duration per 24 hours 
(Figure 1) of the ischemic episodes (including both ST 
elevation and depression) was consistently greater in 
group 1 than in 2 (79 + 36 vs 37 + 25 minutes; p 
<0.005). Kaplan-Meyer analysis demonstrated a sig- 
nificantly greater cumulative probability of subsequent 
coronary events in patients with transient myocardial 


Favorable 
(group 2: n = 34) 


61 
28/6 

2 (6) 
16 (47) 


p Value 


36 + 24 
124 + 27 
268 + 72 
325 


16 (47) 
6 (18) 
12 (35) 
0 (Q) 
78 + 20 
63+ 13 





ischemia 260 minutes/24 hours (p <0.01). This is in 
agreement with previous studies 228 Ischemia 260 
minutes occurred in 14 of 20 patients in group 1 (sensi- 
tivity 70%) and in 6 of 34 in group 2 (specificity 82%). 
Kaplan-Meyer analysis also demonstrated that patients 
with episodes of transient ST elevation =10 minutes 
had a significantly greater cumulative probability of in- 
farction or revascularization (p <0.0003; Figure 2). 
Recordings of 21 ST-elevation episode ranging from 


CUMULATIVE DAILY DURATION OF MYOCARDIAL ISCHEMIA (min) 


GROUP 1 


GROUP 2 





FIGURE 1. Relation between cumulative daily duration of 
ischemia (including both ST elevation and depression) and 
prognosis. ischemia 260 minutes/24 hours was able to identi- 
fy the majority of patients having subsequent coronary events 
(group 1). Few patients with favorable outcome showed simi- 
lar findings (group 2). 
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10 to 30 mes were observed in 18 of 20 patients in 
group 1 (sensitivity 90%), but only in 4 of 34 in group 2 
(specificity 82%). 

Coronary angiography: Quantitative and qualitative 
analyses of conary angiograms were performed in all 
54 patients. Coronary lesions were morphologically 
classified using the criteria of Ambrose et al.? Signifi- 
cant coronary ztherosclerosis (= 50% stenosis) was seen 
in 18 of the 20 patients in group 1, and in 18 of the 34 
in group 2 (g ~<0.005). Mean coronary narrowing was 
92% in the 12 patients in group 1 (range 80 to 99%), 
and 78% in fte 18 atherosclerotic patients in group 2 
(range 50 to 99%). Morphologic analysis of coronary 
angiograms rzsealed the presence of a complex coro- 
nary stenosis :n 16 of the 18 atherosclerotic patients in 
group 1, but only in 4 of the 18 in group 2 (p 
<0.0005). 

Coronary sxasospasm: Of the 38 provocative tests 
performed in e overall study group 34 were posi- 
tive. No signif cant difference was found between the 
groups. Spontaneous or induced coronary vasospasm 
was seen in 10 of the 12 patients in group 1, and in 24 
of the 26 in euni 

Clinical ouicame: We recognized that the basis for 
indicating urgent coronary revascularization has often 
included a subgzctive component (i.e., the rate of occur- 
rence of chest pain); therefore we also analyzed the re- 
sults of Holter monitoring using only the following hard 
end points: urzent revascularization owing to impend- 
ing myocardial infarction (6 patients); nonfatal myo- 
cardial infarcti=n (6); and death (2). Patients with 
these end points had a significantly longer duration of 
ST shifts than dd patients without these end points (69 


A —cei$aiuiuiui$i 


+ 11 vs 46 + 20 minutes; p <0.01). All of these pa- 
tients had >1 episode of transient ST elevation — 10 
minutes, and 10 of 14 had a cumulative duration of 
myocardial ischemia 260 minutes/24 hours. Clinical 
outcome and symptomatic behavior of patients in group 
I are listed in Table IJ. A sample of 10 patients in 
group 2 is shown for comparison (Table IH). The ma- 
jority of patients in group 1 had symptoms that were 
not indicative of the occurrence of subsequent coronary 
events. 


DISCUSSION 

Since the advent of coronary angiography, evidence 
has been accumulated that variant angina (i.e., chest 
pain associated with ST elevation) may develop in pa- 
tients with normal coronary arteries or with atheroscle- 
rotic changes involving 1, 2 or 3 vessels. Many studies 
combine cases with and without coronary artery dis- 
ease, presenting jointly their clinical features. This 
could generate misleading and apparent discrepancies 
between different trials.°-8 Our study demonstrates that 
patients with variant angina do indeed differ in natural 
history and clinical outcome depending on the presence 
of atherosclerosis and plaque rupture, which appears to 
be a random event in the progression of coronary ath- 
erosclerosis. This study also demonstrates that electro- 
cardiographic manifestations can distinguish those pa- 
tients with high risk of subsequent coronary events 
from those with a benign prognosis. 

Relation between clinical outcome, coronary spasm 
and atherosclerosis: It is firmly established that coro- 
nary artery spasm is quite often responsible for the oc- 
currence of ischemia in patients with variant angina.!° 


STİ < 10 min 
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FIGURE 2. Kaplan-Meyer curves compar- 
ing cumulative probabilities of not having 
death, myocardial infarction or urgent re- 
vascularization during a period of 20 days 
for patients presenting with or without 2.1 
prolonged (210 minutes) episode of ST el- 
evation, as detected by 24-hour continu- 
ous electrocardiographic monitoring (p 
<0.0003), 
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TABLE II Clinical Outcom2 and Symptomatic Behavior of Patients with Variant Angina Having Subsequent Coronary Events 


Max. No. 
of Anginal 
Attacks/Day 


Days Before 


End Point Occurrence 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= peed 
nba o PO A P hä bOaANM MM WOOF On On 
GA A P P P We MHS DÄ Pw WN YOR WwW OO W bw 
wnt GW Dä DA DAMM ka ND Ph DA MM ké bo RN OO & m 


No. of Days 
with Angina 


TMI/24 hrs > 1 Epsode 


>10 nin ST ft 


Oorc0cgg OCC CCO+ + 4+ Et OC 
O+¢ OF PF EE EE EE EE E EE 


AMI = acute myocardial infarction; CABG = coronary artery bypass graft; CK = significant creatine-kinase release; Max. = maximal; PTCA = percutaneous transi-minal coronary 
angioplasty; STT = ST elevation; TL = intravenous thrombolysis; TMI = cumulative duration of transient myocardial ischemia. 


This is confirmed by the present study. Indeed, angio- 
graphic evidence of spasm showing complete occlusion 
of the great epicardial vessels was largely documented 
in our patients whether they had adverse (83%) or be- 
nign (92%) clinical outcome (groups 1 and 2, respec- 
tively). Because only 2 of the 20 patients in group 1 
had normal or near normal coronary arteries we agree 
with previous reports that spasm of nondiseased vessels 
can seldom evolve toward myocardial infarction.”!! 
Spasm, however, has been postulated to have a prog- 
nostic role in patients with significant coronary artery 
disease.!* It may increase the degree of obstruction al- 
ready present from anatomic lesion, which may cause a 
more frequent and sustained cessation of flow}? leading 
to intracoronary thrombosis and myocardial infarction. 
Although plausible, this hypothesis does not seem to be 
supported by our data; 36 patients had significant 
atherosclerosis, but only 18 had subsequent coronary 
events (group 1). 

It seems more conceivable, therefore, that other fac- 
tors rather than a simple combination of spasm and 
atherosclerosis may severely interfere with coronary 
flow leading to prolonged coronary occlusion and myo- 
cardial infarction. Accordingly, the most significant dif- 
ference between patients with adverse and favorable 
clinical outcomes was the frequency of the angiographic 
documentation of complex coronary morphology, which 
was the rule in the former (80%) and the exception 
(12%) in the latter. This supports the opinion that pro- 
gression from anginal syndromes (whatever are the 
causes) to myocardial infarction has a common under- 
lying pathologic basis (ruptured atherosclerotic plaque 
and acute thrombus formation).!45 





TABLE HU Symptomatic Behavior of Patients with Variant 
Angina Having Subsequent Favorable Clinical Outcome (sample 
of 10 representative cases) 


Max. No. of 
Anginal 
Attacks/ Day 


TMI/24 hrs 
(min) 


No. of Days 
with Angina 


> . Episode 


Patient > lOmin ST Tt 
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3 
4 
5 
6 
7 
H 
g 
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Abbreviation as in Table ll. 


Electrocardiographic predictors of adverse clinical 
outcome: Numerous studies have demonstrated that 
detection of silent ischemia during continucus electro- 
cardiographic monitoring confers adverse ciinical out- 
come and poor survival to patients with various anginal 
syndromes.>4-!6.17 The prevalence of silent ischemia 
(91% of the episodes in our series) and its association 
with the increased rate of subsequent coronary events 
extend these observations to patients with variant angi- 
na. In our study, the risk of myocardial infarction and 
cardiac death was more related to the longer duration 
than to the mere presence of silent ischemia. Among 
the 20 patients in group 1, 14 were identified by a du- 
ration of ST shifts >60 minutes /24 hours op admission 
(sensibility 70%), and 18 by the occurrence of long last- 
ing (210 minutes) episodes of transient ST elevation 
(sensibility 90%). The exact reason for e greater 
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method sensi=:vity of the use of ST elevation >10 min- 
utes/episode than that of the cumulative duration of 
ST shifts 261 minutes /24 hours is not clear. The rela- 
tively small namber of patients eligible for this study 
may account Er such a difference. Alternatively, it can 
be thought tzat the anatomical substrate underlying 
ischemia rather than ischemia itself is the real link with 
prognosis. Fo? example, repeated, short (<10 minutes) 
episodes of ns ocardial ischemia due to “pure” coro- 
nary spasm (ie , chronic hyperreactivity of angiograph- 
ically normal =r smooth, regular stenotic segments in 
the absence of intracoronary thrombosis) may lead to a 
cumulative duration of ischemia =60 minutes /24 hours 
without causizg subsequent coronary events. In con- 
trast, the presence of an exaggerated segmental vaso- 
reactivity capadole of leading to intense, persisting (= 10 
minutes) vessel dcclusion could be more frequent in pa- 
tients presenti with acute coronary syndromes due to 
atherosclerotic plaque disruption with increased risk of 
intracoronary <arombosis and myocardial infarction. 
This hypothesis is strongly supported by the postmor- 
tem observaticn of contraction bands found in the 
smooth muscE surrounding plaques in patients who 
died with acute infarction or unstable angina.!8 

Clinical imp:ications: Chest pain associated with ST 
elevation is often referred to as “variant angina.” We 
have retained -Ais term because it identifies patients 
with segmenta. coronary hyperreactivity to vasocon- 
strictor stimuli However, variant angina occurring dur- 
ing plaque disruption appears to represent merely a 
more serious <xan average form of unstable angina. 
Conversely, vaz:ant angina due to spasm of angiograph- 
ically normal ~zssels or arteries with smooth coronary 
stenosis appears to have a relatively benign prognosis. 
Difference in csmical presentation of pain provides in- 
sufficient inforr-ation to withhold emergency invasive 
studies in most patients who do not need them (Tables 
II and III). In zontrast, electrocardiographic data on 
silent ischemia may help to individuate the nature of 
the underlying coronary lesion and related prognosis, 
and may provede a modelling strategy for ongoing 
emergency coronary angiography and revasculariza- 
tion. 
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No two are exactly alike. 


Because bady chemistry 
differs fro—a person to 
person, we often need 

a choice of drugs to 
treat the sme illness. 


You’ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 


To maintain the high standards 
of quality care, and because 
some drugs work better than 


others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 


Pharmaceutical 
Manufacturers 


Association 


Ir A NEW MEDICINE CAN HELP 
WE’RE WORKING ON IT. 


Felodipine (Once Daily) Versus Nifedipine (Four 
Times Daily) for Prinzmetal’s Angina Pectoris 


Diego Ardissino, MD, Stefano Savonitto, MD, Antonio Mussini, MD, Paola Zanini, MD, 
Alberto Rolla, MD, Paolo Barberis, MD, Marco Sardina, MD, and Giuseppe Specchia, MD 


In 30 consecutive patients with Prinzmetal’s an- 


gina pectoris, the antiischemic effect of felodi- 
pine, a new long-acting vasoselective calcium an- 
tagonist, administered at doses of 10 and 20 mg 
once daily was compared with that of the well- 
established therapeutic regimen with nifedipine 
administered at a dose of 20 mg 4 times daily. 
Twenty-four-hour Holter monitoring was per- 
formed during a 2-day placebo run-in and at the 
end of each of 3 consecutive 6-day periods dur- 
ing which the 3 active treatments were adminis- 
tered in randomized sequence. Three patients 
withdrew, whereas 27 completed the study. The 
therapeutic regimens tested proved to be similar- 
ly effective; primary end points (ischemic epi- 
sodes recorded by Holter monitoring, and angi- 
nal attacks reported on diary cards) occurred in 
5 patients (19%) during nifedipine treatment, 
and in 7 (26%) and 3 (11%) during felodipine 
treatment with 10 and 20 mg, respectively 
(p = not significant). The distribution of residual 
ischemic episodes demonstrated that treatment 
with felodipine once daily provides 24-hour an- 
tiischemic protection. Twenty-six patients were 
followed up with 20 mg of felodipine once daily 
for a mean of 6 + 5 months, and 21 of them 
(81%) remained free of symptoms and Holter-re- 
corded ischemic attacks. It is concluded that for 
Prinzmetal’s angina pectoris, 24-hour antiisch- 
emic protection may be achieved with adminis- 
tration of felodipine once daily. The availability 
of a simplified therapeutic approach may consti- 
tute a real advantage in terms of patient compli- 
ance and improving the quality of life. 

(Am J Cardiol 1991:68:1587—-1592) 
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in the treatment of Prinzmetal’s angina pec- 

toris. Nifedipine,! 4 verapamil>-’ and diltia- 
zem®-!! have been shown to have comparable efficacy 
in reducing the occurrence of angina, nitroglycerin con- 
sumption and ST-segment changes by Holter monitor- 
ing, both acutely and during chronic treatment. A re- 
cent study demonstrated that calcium antagonists 
improve prognosis in this syndrome by reducing the 
occurrence of myocardial infarction and mortality.!* 
Some recently developed calcium antagonists have 
promising pharmacological characteristics for the treat- 
ment of Prinzmetal’s angina, such as higher vascular 
selectivity and longer duration of action, which would 
allow once-daily administration. Although spontaneous 
remission may occur with Prinzmetal’s angina, continu- 
ous treatment is generally required!>!4; therefore, the 
availability of a once-daily treatment may constitute a 
real advantage in terms of patient compliance and im- 
proving the quality of life. This study was performed to 
compare the short-term therapeutic efficacy of the di- 
hydropyridine calcium antagonist felodipine, adminis- 
tered once daily, with that of its parent compound ni- 
fedipine administered at the well-established dose of 20 
mg 4 times daily.!° The long-term efficacy and safety 
of felodipine was also evaluated. 


C alcium antagonists have proved to be effective 


METHODS 

Patient selection: From August 1988 to October 
1990, 30 consecutive patients were identified during 
hospitalization as having Prinzmetal’s variant angina 
pectoris and were enrolled in this study. All patients 
had a typical history of chest pain at rest promptly re- 
lieved by nitroglycerin, an objective demonstration of 
transient ST-segment elevation 20.1 mV on a standard 
12-lead electrocardiogram during spontaneous attacks, 
and a positive response to ergonovine or hyperventila- 
tion test performed according to methods that have 
been extensively described elsewhere.!+!® None of the 
patients had any evidence of myocardial necrosis after 
either spontaneous or induced ischemic episodes. Exclu- 
sion criteria included: previous coronary artery bypass 
or angioplasty; myocardial infarction within the preced- 
ing 6 months; congestive heart failure; systolic blood 
pressure <110 mmHg; electrocardiographic abnormali- 
ties that would interfere with the interpretation of ST- 
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segment cha-ges; known allergy to dihydropyridines; 
and serious concomitant illnesses. Written informed 
consent was obtained, and the study protocol and con- 
sent form were approved by the institutional review 
board. 

Study design: The study was a double-blind com- 
parison (wit: the exception of the first 6 patients) of 
the short-term- efficacy of felodipine extended-release 
tablets (10 ard 20 mg once daily) with nifedipine cap- 
sules (20 mg 4 times daily) administered for 6 days 
each in rancomized sequence, according to a 3 X 3 
Latin square =esign. During run-in and the short-term 
study, blindizz was maintained according to the dou- 
ble-dummy te<hnique; patients were administered 2 fel- 
odipine tablet= (10 mg) or placebo and 4 nifedipine 
capsules (20 mag) or placebo. Nifedipine was adminis- 
tered at 6.00 aM and 12.00 a.m, and at 6.00 p.m. and 
12.00 p.m., whereas felodipine was administered at 8.00 
A.M. After completing this short-term protocol, patients 
began an opea-label phase during which they received 
felodipine extended release tablets (20 mg) once dai- 
ly. No concomitant prophylactic antianginal treatment 
was allowed dh ag the entire study. 

Short-term: study: After a 48-hour gradual with- 
drawal of prevous antianginal medication patients be- 
gan a 2-day rkacebo run-in period during which only 
sublingual nitrzglycerin was administered to relieve an- 
ginal attacks. "` o prevent any possible risk while on pla- 
cebo medicatia, patients were hospitalized in the coro- 
nary care uni under continuous electrocardiographic 
monitoring; the run-in period could be shortened, and 
the active dovble-blind treatment begun, if ischemia 
were severe ecough to warrant the administration of 
active medicatron. Twenty-four-hour Holter monitoring 
was performed. on the last day of the run-in period, and 
patients were ten randomized to 1 of the 3 treatment 
sequences. Or the last day of each phase of the active 
crossover study, 24-hour Holter monitoring was repeat- 
ed. During the study, patients kept a record by means 
of diary cards -f the number, duration and severity of 
anginal attacks. and the number of sublingual nitro- 
glycerin tablete consumed. Blood samples for determi- 
nation of plasa concentrations of nifedipine and felo- 
dipine were ottzined by standardized venipuncture 2 to 
3 hours after crog intake on the 5th day of each period 
and were immediately centrifuged. Plasma was imme- 
diately stored at —20°C in opaque tubes and was kept 
frozen until ar.alysis. 

Long-term tellow-up: During long-term follow-up, 
felodipine (20 ng) was administered once daily at 8 
A.M. Patients were examined every 2 months, and 24- 
hour Holter m=nitoring was repeated at each examina- 
tion. Diary car=s to record anginal symptoms, nitro- 


glycerin consumption and side effects were kept by the 
patients as described previously. A reduction in dosage 
to 10 mg of felodipine was allowed if the patient had no 
symptoms and signs of myocardial ischemia for the 
previous 6 months. In the case of persisting anginal 
attacks or ischemic episodes, the investigators could 
administer nitrates or another calcium antagonist to pa- 
tients. Patients undergoing coronary revascularization 
were withdrawn from the study; however, their maxi- 
mal follow-up time was computed, and they were con- 
sidered to have concluded the study. 

Study end points: The primary end points of the 
study were ischemic episodes recorded on Holter moni- 
toring and anginal attacks reported in the diary cards 
during active treatment. A secondary end point of the 
study was the circadian distribution of residual ST-seg- 
ment changes on Holter monitoring as a measure of the 
24-hour antiischemic activity of the drug regimens. 

Holter monitoring: Ambulatory electrocardiographic 
monitoring was performed using a Delmar Avionics 
Electrocardiocorder model 445 with a frequency re- 
sponse of 0.05 to 100 Hz, thereby meeting the Ameri- 
can Heart Association specifications for heart rate and 
ST-segment changes. The leads showing the most evi- 
dent electrocardiographic changes during spontaneous 
attacks were monitored. Leads with abnormal waves or 
significant ST-segment shifts at rest were avoided, and 
control recordings were obtained for each patient in the 
supine, prone, standing and sitting positions to ensure 
that the ST-segment was not affected by body position. 
The system was calibrated before and after each place- 
ment. Patients were instructed to press the “event but- 
ton” on the recorder if they experienced chest pain, and 
to report episodes of chest pain and consumption of ni- 
troglycerin on the diary card. Tapes were analyzed at 
60 times the real time under continuous visual inspec- 
tion, and an episode of transient ischemia was defined 
as =I mm ST-segment elevation or depression occur- 
ring 80 ms after the J point, lasting for Z1 minute and 
separated from other episodes by 21 minute. When a 
significant ST-segment change was noted on the moni- 
tor, the episode was recorded on electrocardiographic 
paper at 25 mm/s. 

Coronary arteriography: Selective coronary arteri- 
ography was performed in multiple views using the 
Sones or Judkins techniques after premedication with 
10 mg of diazepam. Narrowings of =70% were consid- 
ered to be significant coronary stenoses. When a lesion 
was noted, the vessel was filmed again after intracoro- 
nary administration of nitroglycerin. Patients were clas- 
sified as having l-, 2- or 3-vessel disease according 
to the number of vessels with significant coronary ste- 
noses. 
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Statistical analysis: The proportion of patients with 
either Holter-recorded ischemic episodes or anginal at- 
tacks during the randomized treatments were com- 
pared by means of the McNemar test, with a 2-tailed p 
value <0.05 considered statistically significant. Possible 
time effects were investigated by means of a “per peri- 
od” analysis of the data. Continuous data are presented 
as mean + standard deviation. 


RESULTS 

Patient characteristics: The clinical and angio- 
graphic characteristics of the 30 patients enrolled in the 
study are listed in Table I. No patient withdrew during 
the run-in period. After randomization, 1 patient could 
not tolerate any of the 3 treatments owing to dizziness 
and hypotension during the first day of administration 
of each treatment. One patient with history of gastritis 
experienced melena after occasional aspirin intake and 
was withdrawn from the study during the second period 
of treatment. One patient with transient ST-segment 
elevations in the anterior leads experienced a prolonged 
episode of chest pain associated with ST-segment eleva- 
tion in the same leads and accompanied by an increase 
in the level of creatine kinase. This patient was classi- 
fied as having a non-Q-wave myocardial infarction and 
was withdrawn from the study. This occurred during 
the first treatment period while the patient was receiv- 
ing nifedipine. Therefore, the data reported in the pres- 
ent study were derived from the remaining 27 patients 
who completed all 3 periods of the short-term protocol. 
Compliance with the therapeutic regimen (as judged by 
the returned tablet count) was 96 + 10% during the 
short-term study, and 89 + 9% during the long-term 
study. During the short-term study, mean drug plasma 
concentrations were 125 + 98 nmol/liter during nifedi- 
pine treatment, 14 + 12 nmol/liter during felodipine 
(10 mg), and 14 + 8 nmol/liter during felodipine 
(20 mg). 
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TABLE I Clinical and Angiographic Characteristics of the 30 
Patients Enrolled in the Study 





















Sex (men/women) 28/2 
Age (yrs) 5427 
Previous myocardial infarction 5 (17%) 
History of hypertension 9 (30%) 
History of smoking 25 (83%) 
Hy2ercholesterolemia 16 (53%) 
Dizbetes 3 (10%) 
Duration of angina (mos) 6+11 
Time between inclusion and last pain (days) GE Se 
Mean weekly episodes of angina before enroliment 4.1 + 4.5 
History of effort angina 10 (33%) 
Nc. of pts. who underwent angiography 28* 
Normal coronary arteries 7 (25%) 
Nonsignificant coronary stenoses { < 70%) 5 (17%) 
1-vessel disease (> 70%) 13 (47%) 
2-vessel disease (> 70%) 3 (11%) 





*Two patients refused coronary angiography. 


Short-term study: A dramatic reduction in ST-seg- 
ment changes, anginal symptoms and nitroglycerin con- 
sumption was observed after the initiation of the active 
medications irrespective of the drug administered (Ta- 
ble II). A complete absence of signs and symptoms was 
observed in 22 patients during period 1, in 23 during 
pericd 2, and in 21 during period 3. The “per treat- 
ment” analysis irrespective of the sequence of adminis- 
tration showed an equal number of patients with re- 
sidual ischemic events and symptoms with all 3 ran- 
domized drugs (Table III). During the run-in period, 
ischemic ST-segment changes recorded by Holter mon- 
itoring were distributed throughout the 24 hours with a 
preferential clustering between 1:00 and 6:00 a.m. (Fig- 
ure 1). There was no correlation between the occur- 
rence of residual ischemic episodes observed during all 
3 active treatments and the time from last drug admin- 
istration (Figure 1). Side effects were mild and infre- 
quent. During the placebo run-in period, no patient re- 
ported any side effect; 1 reported flushing during all 3 


TABLE ll Time Course of ischemic Episodes, Anginal Attacks and Nitroglycerin 
Consumption During the Short-Term Study Irrespective of the Randomized Treatments 


No. of pts. with ischemic episodes or anginal attacks 


24-hour Holter 
No. of pts. with ischemic episodes 
Total no. of ischemic episodes 
Asymptomatic 
Symptomatic 
Diary cards 
No. of pts. with anginal attacks 
Total no. of anginal attacks 
Nitroglycerin consumption 
No. of days of observation 


No significant differences were observed among the 3 periads. 





Period 1 
(27 pts.) 


Period 2 
(27 pts.) 


Period 3 
(27 pts.) 


Run-in 
(27 pts.) 
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TABLE HH ischemic Episodes, Anginal Attacks and Nitroglycerin Consumption During the 
Short-Term Study Irrespective of the Sequence of Administration 


No. of pts. with ischemic episodes or anginal attacks 


24-hour Holter 
No. of patients with ischemic episodes 
Total no. of ischemic episodes 
Asymptomatic 
Symptomatic 
Diary cards 
No. of pts. with anginal attacks 
Total no. of anginal attacks 
Nitroglycerin consumption 
No. of days of observation 





Felodipine 


20 mg d 
(27 pts.) 


Nifedipine 
(27 pts.) 


10 mg 
(27 pts.) 


No significant differences were observed among the 3 treatment groups. 


treatments, at another reported flushing and gastral- 
gia while receming felodipine (20 mg). 

Long-term follow-up: Twenty-six of the 27 patients 
completing th= short-term study were followed up with 
felodipine for £ period of 4 days to 16 months (mean 6 


6 pm 


12 am 
Nifedipine 20 mg Old. 





24h 





+ 5 months). The remaining patient was excluded be-  -- 
cause he was resident in an area too far away from our 
institution for follow-up to be possible. In all, 73 exami- 
nations were performed, and 1,440 hours of Holter 
monitoring were obtained. During this period, 21 pa- 


6 am 


FIGURE 1. Twenty-four-hour distribution 
of symptomatic (black circles) and asymp- 
tomatic (white circles) ischemic episodes 
on Holter monitoring during run-in, 20 mg 
of nifedi ipine 4 times daily (q.i.d.), and 10 
and 20 mg of felodipine once daily. Each 
panel represents a 24-hour clock; times cf 
drug administration are EE by 
radii. 


Felodipine 10 mg once daily Felodipine 20 mg once daily 
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tients were free of symptoms and ischemic ST-changes 
on Holter monitoring. Two of these patients were with- 
drawn because of the development of ankle edema. The 
dosage of felodipine was reduced to 10 mg once daily in 
12 patients who achieved a complete response for >6 
months; no patient had anginal symptoms or electro- 
cardiographic ischemia after dose reduction. Among 5 
patients who did not achieve remission, 4 reported angi- 
nal attacks, and ischemia was detected during Holter 
monitoring in 4 (2 had both painful and painless epi- 
sodes, 1 had only painless, and 1 had only painful). 
Nitrates or another calcium antagonist were adminis- 
tered to 3 patients; the other 2 who had significant cor- 
onary artery disease underwent coronary angioplasty. 


DISCUSSION 

Coronary artery spasm has been demonstrated 
as the pathogenetic mechanism of Prinzmetal’s angi- 
na.!7:18 Therefore, the therapeutic approach to this syn- 
drome has been directed at preventing the occurrence 
of coronary spasm. Calcium antagonists that reduce the 
vascular smooth muscle cell contractility proved ex- 
tremely effective in controlling symptoms and electro- 
cardiographic signs of ischemia in these patients.!-!! In 
a previous study, we demonstrated the effectiveness of 
felodipine in preventing hyperventilation-induced coro- 
nary spasm in patients with Prinzmetal’s angina.!? Be- 
cause felodipine is a long-acting calcium antagonist 
that has been shown to have 24-hour effectiveness as an 
antihypertensive agent DÄ we decided to test its clinical 
efficacy as a once-daily antiischemic treatment for 
Prinzmetal’s angina. Before inclusion in this study, all 
patients reported frequent anginal attacks, had a posi- 
tive response to provocative tests and had ST-segment 
elevation on electrocardiogram during spontaneous at- 
tacks. Nineteen patients also showed ischemic ST-seg- 
ment changes on Holter monitoring, and 20 reported 
anginal attacks during the run-in period preceding the 
study. The initiation of treatment with the calcium an- 
tagonist produced a prompt, dramatic reduction in the 
frequency of anginal attacks, nitroglycerin consumption 
and ischemic changes on Holter monitoring. The thera- 
peutic regimens tested in this study proved to be simi- 
larly effective and tolerated; no difference was detected 
between either nifedipine and felodipine or felodipine at 
2 different dosages. Analysis of the 24-hour distribution 
of residual ischemic episodes demonstrated that treat- 
ment with felodipine once daily ensures 24-hour anti- 
ischemic protection. Spontaneous remission appears to 
be a frequent event in Prinzmetal’s angina,!3!4 and 
thus the absence of a placebo control may be consid- 
ered as a limitation of the present study. However, the 
promptness and completeness of remission observed 


during all 3 periods of active treatment makes it unlike- 
ly that there was a spontaneous remission of the dis- 
ease. Moreover, in view of the fact that calcium antag- 
onists have been shown to improve prognosis in Prinz- 
metal’s angina!? and that cardiac deaths and nonfatal 
myocardial infarctions occur mostly before hospital dis- 
charge or within the first few months after hospitaliza- 
tion?2-25 we considered it unethical to conduct a place- 
bo-controlled study. An active-controlled study is more 
appropriate to test the efficacy of the new dihydropyri- 
dine calcium antagonist felodipine for Prinzmetal’s an- 
gina, and consequently it was compared with its parent 
compound nifedipine administered at a well-established 
dosage in accordance with previous reports on this syn- 
droe, 17 Owing to the high antiischemic efficacy of 
calcium antagonists in Prinzmetal’s angina and to the 
relative rarity of this disease, the sample size required 
to reach a reasonably high power to exclude a statisti- 
cally significant difference in efficacy between 2 active 
calcium antagonists would require an exceedingly long 
period of time for patient enrollment, even for a special- 
ized institution like ours. As a matter of fact, the 30 
consecutive patients reported in this study constitute the 
entire number of patients with Prinzmetal’s angina seen 
in our department during >2 years. However, our 
study allowed us to exclude, with a power of 0.8 and a 
type 1 error of 0.05, a difference between the least and 
the most effective treatment >21% based on the mea- 
surement of efficacy as a binary outcome. The long- 
term effectiveness of administration of felodipine once 
daily was ccnfirmed by the results of the follow-up 
study during which 81% of the patients remained 
completely free of symptoms and signs of myocardial 
ischemia, 
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Effects of Daily High-Intensity Exercise on 
Myocardial Perfusion in Angina Pectoris 


lain C. Todd, MD, Michael S$. Bradnam, MA C Eng MIFSM MIEE, 
Michael B. D. Cooke, BA CPhys MinstP MIFSM, and David Ballantyne, MD 


Forty male patients with chronic stable angina 


pectoris and no prior myocardial infarction were 
studied by planar thallium scintigraphy with use 
of circumferential profile analysis. Ischemic de- 
fects were assessed by measuring degrees of cir- 
cumference involved and area of defect. Data 
were collected for 3 vascular regions in each of 3 
views (anterior, 45° and 65° left anterior oblique 
projection). Patients were then randomized to 
exercise and control groups, the former training 
for a period of 1 year using the Canadian Air- 
force plan for physical fitness. After 1 year, both 
groups were restudied. Exercise training pro- 
duced a 34% reduction in degrees of ischemia 
overall (p <0.02), the most significant change 
being seen on the anterior view (72° + 59° be- 
fore vs 30° + 35° after training). Regional anal- 
ysis showed markedly improved perfusion ante- 
rolaterally and apically on the anterior view and 
anteroseptally on the 65° left anterior oblique 
view. These improvements support the hypothe- 
sis that exercise training improves myocardial 
perfusion by enhanced collateral function. 

(Am J Cardiol 1991;68:1593-1599) 
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significant coronary artery narrowing in dogs stim- 

ulated the development of an effective collateral 
circulation and that this collateralization could be fur- 
ther developed by exercise to produce large collateral 
vessels capable of protecting against myocardial infarc- 
tion. Some 30 years on we lack conclusive evidence that 
the same can be achieved in humans. Exercise training 
has been advocated for the rehabilitation of patients af- 
ter myocardial infarction, cardiac surgery’"!! and 
angina pectoris.!2-!6 Such a recommendation has its 
foundation in peripheral adaptations to exercise train- 
ing which result in a reduced myocardial work load, 
rather than in convincing evidence of genuine myocar- 
dial benefit. Recent studies suggest that prolonged 
high-intensity exercise may have some effect.!>-!8 This 
study was undertaken to examine whether exercise 
training of high intensity in the presence of stress-in- 
duced myocardial ischemia could produce improve- 
ments in myocardial perfusion and, if so, whether such 
improvements would be in keeping with the findings in 
Eckstein’s animal model. 


J n his animal studies, Eckstein! demonstrated that 


METHODS 

Patients: Forty men <60 years of age were recruit- 
ed. Chronic stable angina >26 months’ duration and a 
positive exercise tolerance test were essential for inclu- 
sion. Exclusion criteria included previous myocardial 
infarction, coronary bypass surgery or angioplasty, re- 
cent unstable angina, diabetes mellitus, uncontrolled 
hypertension, valvular heart disease and physical handi- 
cap. Beta-blocker therapy was withdrawn for 4 weeks. 
Any patient who could not be maintained without 8 
blockers was withdrawn from the study. A diagnostic 
exercise tolerance test was performed. A test was 
deemed positive when 1 mm of horizontal or downslop- 
ing ST depression was recorded 80 ms after the J point 
in a lead with no ST depression at rest or a further 1 
mm of ST depression in a lead showing change at rest. 
After exercise testing, nifedipine was prescribed for 
symptomatic control when necessary, with nitrates for 
patients who could not tolerate nifedipine or who re- 
quired additional antianginal therapy. Sublingual glyc- 
eryl trinitrate was also allowable. Subsequent use of 8- 
blocker therapy during the study period necessitated 
withdrawal from the study. 
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Thallium 201 scintigraphy: Thallium-201 scintigra- 
phy was perf—rmed 1 week after diagnostic exercise tol- 
erance testiax After an overnight fast and no medica- 
tion for 24 hours, a symptom-limited treadmill exercise 
tolerance test was performed. An intravenous cannula 
was insertec into the left antecubital vein before exer- 
cise. Stress esting was performed using a modified 
Naughton protocol consisting of a constant 3 miles/ 
hour with ar: initial gradient of 0%.!9 The gradient was 
increased by 2.5% at 3-minute intervals providing an 
incremental i-crease in work load of approximately 1 
metabolic equ-valent (MET) per stage of exercise, thus 
ensuring a reproducible end point. Eighty megabec- 
querels of thallous-201 chloride was injected through 
the cannula and flushed with 20 ml of 0.9% sodium 
chloride 1 mātute before the end of exercise. After ex- 
ercise the po: ent was scanned using a gamma camera 
with a large field-of-view crystal and general-purpose 
low-energy parallel-hole collimator. Images were ob- 
tained in the anterior, and 45° and 65° left anterior 
oblique projexons, data being stored in a 128 X 128 X 
8-bit matrix o1 computer. The system was set to ac- 
quire a fixed ramber of counts for each view (350,000) 
and the time zaken to do so was recorded. The spleen 
was masked. Redistribution images were recorded 3 
hours after ur al stress images to confirm reversibility 
of ischemic d2fcts. Imaging time for the redistribution 
images was t same as the time taken to acquire the 
stress images. Stress images were obtained within 30 
minutes of cesation of exercise. 

The imagzs thus obtained were further processed 
according to <ccepted quantitative methods. A back- 
ground subtrzezion program was applied to the images 
to correct for noncardiac background.?°?! Thereafter, 
the operator nl2ntified the center and apex of the left 
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FIGURE 1. Caica:ation of ischemic degrees and area from cir- 
cumferential pos, a-b = ischemic degrees; C = ischemic 

area calculated br subtracting area under patient’s curve be- 
tween a and b frx area under normal curve between a and b, 





ventricle on each view. The program then generated 60 
radii at 6° intervals from the center of the ventricle, 
commencing with the first radius (0°) at 90° counter- 
clockwise from the marked apex and subsequent radii 
at 6° intervals clockwise from the 0° radius. Each radi- 
us was then searched for the hottest pixel. These were 
highlighted on the screen and if accepted by the opera- 
tor, each pixel was averaged with the 2 adjacent pixels 
on that radius. The hottest count thus obtained was 
assigned a value of 100% and all other radii assigned a 
value in proportion to this. The values for the redistri- 
bution image were also expressed as a percentage of 
maximum stress value. On the stress profile, ischemia is 
identified as an area with relatively low initial uptake of 
thallium with a tendency to normalize on the 3-hour 
view. 

To obtain a benchmark of normality with which to 
compare defects these images were further processed. 
First, a 3-point circumferential smoothing was per- 
formed using a program developed in our department. 
The profiles thus obtained were superimposed on a 
range of normal values. Because these values are only a 
benchmark of normality and not absolute zeros, it was 
believed unnecessary and unethical to acquire our own 
group of normal persons. The values used therefore 
were obtained from published data produced by Mad- 
dahi? and Abdulla? and their co-workers. These val- 
ues identify lower limits of normality equivalent to 2 
standard deviations below the mean for a group of sub- 
jects with low risk of coronary disease. By superimpos- 
ing the patient’s profile on this normal range, an area of 
abnormality could be identified where the patient’s scan 
fell below this range. The number of degrees of circum- 
ference that were abnormal could be calculated as 
could the area of abnormality (the area between the 
patient’s and the normal curve in the ischemic zone) 
(Figure 1). 

At the end of the study repeat scanning was per- 
formed by exercising the patient to his new symptom- 
limited maximum heart rate. Because this introduces 
a variable (heart rate) that might affect the area of 
abnormality, a third parameter was calculated by divid- 
ing the area of abnormality by maximum heart rate 
achieved (the SIS score). A similar technique has been 
used by other investigators and found to correlate well 
with the extent of angiographic disease.?4 

We have found the aforementioned technique to ac- 
curately demonstrate the most ischemic areas in mid- 
die-aged male patients where breast attenuation and 
other artefacts are less common. We took the further 
precaution of comparing the abnormalities documented 
by this technique with a subjective visual assessment of 
the scans. There was no significant discrepancy be- 
tween the computer-derived abnormality and the sub- 
jective zone of ischemia. 
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Training program: After thallium scintigraphy, pa- 
tients were randomly allocated to training and control 
groups. The training group undertook the Canadian 
- Airforce Program for Physical Fitness 27 This is a brief 
11-minute daily exercise program of 5 callisthenic exer- 
cises requiring no equipment. It was prescribed for dai- 
ly home use, with exercise levels increasing in intensity 
at weekly intervals to achieve a progressive increase in 
physical fitness. Patients moved to the next level if the 
previous level could be completed within 11 minutes 
without excessive chest pain or dyspnoea. No limit was 
placed on the maximum exercise level. A weekly hospi- 
tal supervised session was used to initiate new patients 
and monitor early progress. During the first session pa- 
tients were monitored for arrhythmias. After introduc- 
tion to the program subsequent attendance at the su- 
pervised session was optional. 

The control subjects were informed that mild exer- 
cise may be beneficial and were advised with respect to 
diet and smoking habits. They were formally followed 
up at 3-month intervals throughout the study, as was 
the exercise group, but were granted open access to the 
controlling physician at any time in order to counteract 
possible bias resulting from weekly contact with the ex- 
ercise group. 

Statistical analysis: For the 3 parameters calculat- 
ed, global data were obtained by summating the results 
from all 3 views. These data were found to conform to 
a normal distribution. Intragroup comparison of means 
and interval change data were obtained using a Stu- 
dent’s ¢ test for unpaired and paired data, respectively. 
Data for views and regions were not normally distribut- 
ed and were therefore analyzed using a Wilcoxon 
signed rank test for paired data. All results are ex- 
pressed as mean + standard deviation with p values 
and 95% confidence intervals. 


RESULTS 

Demographic data relating to the exercise and con- 
trol groups are listed in Tables I and II. There were no 
significant differences between the groups. During the 
study, 2 patients in the exercise group and 1 control 
patient succeeded in stopping smoking. There was a 
trend toward reduction in weight in the exercise group 
over the study period. 

The simple format of the exercise program proved 
to be “user friendly” and compliance was high. During 
the period of study, | patient in the exercise group de- 
faulted and 1 was withdrawn because he developed un- 
stable angina requiring 8 blockade. Another patient 
could not be restudied. Two control subjects were lost 
to follow-up and 1 died. The baseline scan results of 
another patient were inadvertently destroyed. Of the 
original 40 patients, 17 in the exercise group and 16 
control subjects were successfully studied on 2 occa- 


TABLE | Demog-aphic Data: Exercise Group 


Duration 
of Angina Height 


(inches) 


Weight 
{Ibs} 


Cigarette 
Smoker 


Ex pipe smoker 


1 
2 
3 
A 
5 
6 
7 
8 
9 


MoMt+oooo+r+++ POs 


NA = not applicable; SD = standard deviation, 





TABLE H Demographic Data: Control Group 


Duration 
of Angina 
(mos) 


Pt. Age 
No. (yr) 


Height 
(inches) 


Weight 
(Ibs) 


Cigarette 
Smoker 


Fach 


mott D zer DD ef eot Doc 


6 
6 
6 
8 
2 
6 
9 
6 
6 
2 
6 
8 
6 
3 
0 


m.m 
z2 Z 
D> Za 





Abbreviations as in Tabie |. 


sions. In addition, 1 patient from each group sustained 
a full-thickness myocardial infarction during the study, 
radically altering the shape of the circumferential pro- 
files and making comparison of pre- and poststudy 
scans impossible. Results given therefore apply to 16 
patients who exercised and 15 control subjects. 

The exercise tolerance data for this group of pa- 
tients have previously been published.’ A training ef- 
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Degree Area SIS Score 


B2-0re After Before After Before After 


1,352 
793 
2,666 
202 
1,979 
8,345 
1,879 
2,372 
554 
1,930 
187 
1,602 
4,451 
298 
2:992 
3,727 


2,206 
1 2,060 


20-114 
<0.02 


5 
d 
2 
6 
D 


ki Tu Di 
if D 


H fu 


f 
t 


Cl = confidence eval; NS = not significant; SD = standard deviation. 


fect was achieved as measured by a reduction in heart 
rate at rest of 5 beats/min and in a submaximal heart 
rate of 13 beats/min. Maximum heart rate was in- 
creased by 10 >eats/min in the training group. These 
changes were all statistically significant (p <0.05). 
Maximum ST depression was reduced from 1.9 + 0.9 
to 1.6 + 1.2 mm (p <0.05) despite the increase in 
maximum heer: rate. Time to 1 mm ST depression was 
increased by 135% (374 + 749 to 881 + 668 seconds). 
Treadmill time improved from 741 + 356 to 1,272 + 
514 seconds efter training (72% increase, p <0.001). 
As a result, maximum treadmill work load increased 
from 5.6 + L= to 9.7 + 2.8 METS. Over the same 
period there weze no significant changes in.the control 
group. 





Anterior 65° 


Before After Before After Before After 





The exercise group noted marked symptomatic im- 
provement within 8 weeks of commencing training. At 
] year, 6 patients had become asymptomatic; they and 
2 other patients discontinued antianginal therapy with 
nifedipine. The only patient who increased drug thera- 
py in the exercise group during the study was the pa- 
tient who developed unstable angina. Three control 
subjects increased their dosage of nifedipine, and 1 pa- 
tient, subsequently found to have sustained a myocardi- 
al infarct, required the addition of nitrates. 

Heart rate monitoring during exercise confirmed 
that the exercises were of high intensity; mean maxi- 
mum heart rate noted during ambulatory monitoring 
was in excess of the maximum treadmill heart rate. 

Table III lists the results of the 3 parameters of 
global perfusion. The exercise group had a 34% reduc- 
tion in mean extent of ischemia as measured by degrees 
of circumference involved. The ischemic area was re- 
duced similarly by 40% after training, but because of 
much wider standard deviations for these measure- 
ments, this difference just failed to reach statistical sig- 
nificance. When this area is corrected for heart rate, 
however, the reduction in SIS score from 29.3 to 16.9 is 
significant at the 5% level. 

The results for the control group were not signifi- 
cant for any of the 3 parameters. Indeed, the degrees of 
abnormality differed by 5° only over the year; such a 
difference represented <1 point on a circumferential 
profile. Small reductions in mean area of abnormality 
and SIS score may simply reflect a greater variability 
in depth of abnermality compared with degrees of ab- 
normality. Intergroup comparison of interval change 
data shows the reduction in ischemia of 67° after exer- 
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TABLE V Regional Thallium Data from the Exercise Group 


Anterior 


Anterolateral Apical Inferior Posterolateral 


Pt. No. Pre Post 


LO ed 
© 
e 
MNOO 


~ 


LOD D zl OO P UNE 
a 


bi 
ol Ww 
OO OS OO OO Oo OO OO OH 


Go 


0 
0 
2 
6 
0 
0 
0 
Q 
30 
0 
4 
0 
0 
6 
0 
6 
6 


“SMW OOODONDTDOCOF OOOO 
ofr OOO OO OO OH 


NN rä 
re 


p Value <0.05 <0.02 


45° Left Anterior Obliqu2 


Inferoapical 


65° Left Anterior Oblique 


Septal Inferior Apical Anteroseptal 


a 


Pw MOO OO OO Oo OO OO 00 OH 


ND (a) 
OO OO SO OO OO OO 


CO 
LA 


|| 


— 





Abbreviations as in Tables | and Ill. 


cise training to be significantly better than the reduc- 
tion of 5° in control subjects (p <0.05). 

Because of these positive global results, the ischemic 
degree data for the exercise group were further broken 
down to show whether the improvements demonstrated 
could be ascribed to any of 3 views used (Table IV) or 
to any of the 9 vascular regions (Table V). The anterior 
view showed a significant improvement. Although nei- 
ther the 45° or 65° views showed statistically signifi- 
cant change, both had small reductions in ischemic 
degrees. 

The regional data show which vascular regions pro- 
duced improvement. The anterolateral and apical re- 
gions on the anterior view both showed significant im- 
provements in number of ischemic degrees. On the 65° 
view the anteroseptal region improved in a similar fash- 
ion. Although no other regions showed statistically sig- 
nificant improvements, the apical region on the 65° 
view showed a similar large reduction. The figures for 
the inferior region on the anterior view and the septal 
region in the 45° view showed smaller improvements, 
and the 3 remaining regions showed little change. 


DISCUSSION 

A number of studies have addressed the question of 
myocardial perfusion and exercise training using thalli- 
um scintigraphy.2’-3! Verani et al?’ studied 16 patients 
on a 12-week training program using thalltum-201 
`> scintigraphy. There are limitations in his study in terms 
of duration of training program and lack of control sub- 
jects. In addition, the thallium scintigraphy technique is 


open to criticism. They chose to have their patients ex- 
ercise to the same level of cardiac work before and after 
training. This theoretically allows one to compare per- 
fusion at comparable work loads. If, however, maximal 
cardiac work is improved by training, the second scan 
is performed below the ischemic threshold, a situation 
not generally recommended for assessment of thallium 
scans. Verani found that conditions in 3 patients im- 
proved, in 3 they deteriorated, and in 10 they remained 
unchanged; they concluded that there was no improve- 
ment in myocardial perfusion. 

Tubau et al? used circumferential profile analysis, 
but profiles were used only to establish the presence of 
defects, and observers compared paired scans to visual- 
ly assess improvement or deterioration. This insensitive 
technique meant that although 132 abnormal regions 
were detected initially, only 13 of these were judged to 
have changed. 

One of the largest studies of exercise training was 
reported by Froelicher et al?’ in 1984. A randomized 
controlled study of 146 patients over a l-year period 
was performed using a thallium technique similar to 
that of Verani but with a more extensive semiquantita- 
tive scale. Analysis of variance demonstrated that im- 
proved perfusion after exercise training depended on 
the presence of angina. It was concluded that any im- 
provement was small and of limited clinical signifi- 
cance. In 1986, the results of a subgroup of this study 
by Sebrechts et al?° were subjected to further analysis 
by circumferential profiles measuring ischemic areas. 
The parent study by Froelicher had already shown im- 
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provements in perfusion and made the significant point 
that angine was an important prerequisite for that im- 
provement. This study applied a figure to those results 
but did not reveal new information. The results of re- 
gional analvsis confused the picture, revealing 3 regions 
of improvement in 3 different vascular territories on 3 
different vizws. Improvement in the left anterior de- 
scending territory on the anterior view, e.g., is not rein- 
forced by is provements in other left anterior descend- 
ing regions. This suggests that the results may be spuri- 
ous, and because of the nonmaximal scanning used on 
the second =ccasion, one must ask whether alterations 
in perfusion in the exercise group are simply a reflec- 
tion of tech-ique. 

The best study to date was published by Schuler et 
al 2 He stuxied 18 patients with stable angina pectoris 
and hyperlip-demia and observed changes with a com- 
bination of tow fat diet and exercise training over | 
year. Thallium scanning was performed at maximal ex- 
ercise on botn occasions, and the degrees of circumfer- 
ence of the left ventricle with reversible ischemia were 
measured from reconstructed cross-sectional images of 
stress and redistribution scans. Stress-induced myocar- 
dial ischemæ measured in this way was reduced by 
54% (p <0.05) despite the higher work load. The study 
was limited by lack of regional data and by the dual 
pathology of 1 group and the dual nature of the inter- 
vention; noretheless, it is the one study in which the 
changes denadnstrated cannot readily be explained oth- 
er than by improvements in myocardial perfusion. 

This study provides convincing evidence of improved 
myocardial perfusion after exercise training. The reduc- 
tion in numær of degrees of ischemia by 34% despite 
an increase ‘m cardiac work is comparable to Schuler’s 
results. In tits study, however, the reduction in isch- 
emic degrees is significant both by intra- and inter- 
group analyss, strengthening the case that it is due to 
the intervention and not to natural change as a result of 
the disease. Whereas the area data show a larger per- 
cent change, they do not add to the degree results; the 
major change appears to be a reduction in the size of 
the ischemic zone as measured by degrees of circumfer- 
ence involvec rather than in the depth of ischemia with- 
in that zone as measured by area of ischemic curve. 
The simplest explanation is that the maximum depth of 
the ischemic zone may correlate with symptom-limited 
exercise tolerance, and because the scans were per- 
formed to sy-aptom limitation rather than matched for 
work load, om2 would inevitably expect to produce simi- 
lar depth of ischemia. Alternatively, collateralization 
may have occurred by intervessel anastomoses in the 
periphery of tne ischemic zone rather than by intraves- 
sel collaterals that would improve anterograde flow to 
the center of the ischemic zone, 


Analysis cf the 3 views shows the only significant 
improvement to be in the anterior view. Redistribution 


of thallium occurring after cessation of exercise may 


mask ischemic change on later views. The 9 regional 
views provide evidence for genuine regional improve- 
ment in ischemia and support the hypothesis of collat- 
eralization. Regions with improved perfusion fit into the 
territory of the left anterior descending coronary artery 
with significant changes anterolaterally on the anterior 
view and alsa anteroseptally on the 65° left anterior 
oblique view. Furthermore, the apical improvements 
are significant in the anterior view and, although not 
significant in the 65° view, are substantial here also. 
That these apical changes may also be subscribed to the 
left anterior descending artery is supported by the lack 
of change inferolaterally, posterolaterally and inferiorly. 
One can conclude from these studies that exercise 
training has induced changes in myocardial perfusion in 
the anterior wall of the left ventricle in the territory of 
the left anterior descending coronary artery. The local- 
ized nature of these changes supports the hypothesis 
that collateralization is the mechanism of improvement 
rather than some general cardiac effect which might be 
expected to have a more global effect on perfusion. The 
consistency of these results in all 3 views adds to the 
conviction that these changes are genuine and not 
spurious. 

That these changes have occurred in the left anteri- 
or descending territory may be coincidental. However, 
thallium studies show that disease in this artery pro- 
duces larger defects, making changes more readily de- 
tected.3233 ĮIskandrian34 and Tubau? and their co- 
workers showed that defects were smaller in the pres- 
ence of collaterals, but Iskandrian found this to be sig- 
nificant only for the left anterior descending artery. 
Postmortem angiography has shown the left anterior 
descending artery to be the most frequently involved in 
both inter- and intravessel collateral formation.*® This 
may be partly due to its complex branching or to the 
fact that disease of this vessel, unlike the right coronary 
or circumflex arteries, is most often found in its mid- 
portion, allowing many potential sources for collaterali- 
zation.>’ Furthermore, collaterals are more common in 
patients with 1-vessel disease and this most often occurs 
in the left anterior descending artery.’ All of these 
facts may explain why improvement shown in this 
study is in the left anterior descending territory. 

The group in this study was carefully selected. An- 
gina pectoris was a prerequisite for entry, and all pa- 
tients therefore conformed to the group found by Froe- 
licher to gain most benefit. In addition, exclusion of 
patients with infarcts not only increased the likelihood 
of improvement, but also simplified the investigative 
technique since all abnormalities detected on stress 
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scanning were potentially reversible. These factors, in 
addition to a careful choice of exercise duration and 
high-intensity exercise, are the most likely reasons why 
this study has succeeded in demonstrating improved 
perfusion. 


REFERENCES 

1. Eckstein RW. Effect of exercise and coronary artery narrowing on coronary 
collateral circulation. Circ Res 1957;5:230-235. 

2. Frick MH, Katila M. Hemodynamic consequences of physical training after 
myocardial infarction. Circulation 1968;37:192-202. 

3. Wenger NK. Research related to rehabilitation. Circulation 1979;60: 
1636-1639. 

4. American Heart Association Council on Scientific Affairs. Physician super- 
vised exercise programs in rehabilitation of patients with coronary heart disease. 
JAMA 1981;245:1463-1466. 

5. De Busk RF. Physical conditioning following myocardial infarction. Adv Car- 
dial 1982;31:156-161. 

6. Hung J, Gordon EP, Houston N, Haskell WL, Goris ML, De Busk RF. 
Changes in rest and exercise myocardial perfusion and left ventricular function 3 
to 26 weeks after clinically uncomplicated acute myocardial infarction: Effects of 
exercise training. Am J Cardiol 1984;54:943-950. 

7. Oldridge NB, Nagle FJ, Balke B, Cartiss RJ, Kahn DR. Aorto coronary bypass 
surgery: effects of surgery and 32 months of physical conditioning an treadmill 
performance. Arch Phys Med Rehab 1978;59:268-275S. 

8. Dornan J, Rolko AF, Greenfield C. Factors affecting rehabilitaticn following 
aortocoronary bypass procedures. Can J Surg 1982;25:677-680. 

9. Murray GC, Beller GH. Cardiac rehabilitation following coronary artery 
surgery. Am Heart J 1983;105:1009~1018. 

10. Stevens R, Hanson. Comparison of supervised and unsupervised exercise 
training after coronary bypass surgery. Am J Cardiol 1984;53:1524-1528. 
41. Froelicher V, Jensen D, Sullivan M. A randomised trial of the effects of 
exercise training after coronary artery bypass surgery. Arch Intern Med 
1985;145:689-692. 

12. Clausen JP, Larsen OA, Trap-Jensen JT. Physical training in the manage- 
ment of coronary artery disease. Circulation 1969;40:143-154,. 

13. Redwood DR, Rosing DR, Epstein SE. Circulatory and symptomatic effects 
of physical training in patients with coronary artery disease and angina pectoris. N 
Engl J Med 1972;286:959-965, 

14. Sim DN, Neil WA. Investigation of the physiological basis for increased 
exercise threshold for angina pectoris after physical conditioning. J Clin Invest 
1974;54:763-770. 

15. Raffo JA, Luksic IY, Kappagoda CT, Mary DASG, Whittaker W, Linden 
RJ. Effects of physical training on myocardial ischaemia in patients with coronary 
artery disease. Br Heart J 1980;43:262-269. 

16. Ehsani AA, Biello DR, Schultz J, Sobel BE, Holloszy JO. Improvement of 
left ventricular contractile function by exercise training in patients with coronary 
artery disease. Circulation 1986;74:350-358. 

17. Ehsani EA, Heath GW, Hagberg JM, Sobel BE, Holloszy JO. Effects of 12 
months of intense exercise training on ischemic ST-segment depressian in patients 
with coronary artery disease. Circulation 1981;64:1116-1 124, 

18. Winter C, Kardash MM, Whitaker W, Mary DASG, Linden RJ. The effects 
of long-term physical training in patients with coronary heart disease. Int J 
Cardiol 1984;5:675-685. 

19. Patterson JA, Naughton J, Pietras RJ, Gunnar RM. Treadmill exercise in 


assessment of the functional capacity of patients with cardiac disease. Am J 
Cardiol 1972;30:757-762. 

20. Goris ML, Daspit SG, McLaughlin P, Kriss JP. Interpolative background 
subtraction. J Nucl Med 1976;17:744-747. 

21. Beck JW, Taturn JL, Cobb FR, Harris CC, Goodrich JK. Myocardial 
perfusion imaging using thallium-201: a new algorithm for calculation of back- 
ground activity. J Nucl Med 1979;20:1294-1300. 

22. Maddahi J, Garcia EV, Berman DS, Waxman A, Swan HJC, Forrester J. 
Improved noninvasive assessment of coronary artery disease by quantitative anal- 
ysis of regional stress myocardial distribution and washout of thallium-201. Circu- 
lation 1981;64:924-935. 

23. Abdulla A. Maddahi J, Garcia E, Rozanski A, Swan HJC, Berman DS. Slow 
regional clearance of myocardial thallium-201 in the absence of perfusion defect: 
contribution to detection of individual coronary artery stenoses and mechanism of 
occurrence. Circulation 1985;71:72-79. 

24. Massie BM, Hollenberg M, Wisneski JA, Go M, Gertz EW, Henderson S. 
Scintigraphic quantification of myocardial ischaemia: a new approach. Circula- 
tion 1983;68:747-755. 

25. Physical fitness. Two series of exercises developed by the Royal Canadian Air 
Force. Harmondsworth: Penguin Books, 1973. 

26. Todd IC, Ballantyne D. Antianginal efficacy of exercise training: a compari- 
son with beta blockade. Br Heart J 1990;64:14-19. 

27. Verani MS, Hartung GH, Hoepfel Harris J, Welton DE, Pratt CM, Miller 
RR. Effects of exercise training on left ventricular performance and myocardial 
perfusion in patients with coronary artery disease. Am J Cardiol 1981;47: 
797-803. 

28. Tubau J, Witztum K, Froelicher V, Jensen D, Atwood E, McKirnan M, 
Reynoids J, Ashburn W. Noninvasive assessment of changes in myocardial perfu- 
sion and ventricular performance following exercise training. Am Heart J 
1982;104:238-248. 

29. Frozlicher V, Jensen D, Genter F, Sullivann M, McKirnan D, Witztum K, 
Schaif J, Strong M, Ashburn W. A randomized trial of exercise training in 
patients with coronary heart disease. JAMA 1984;252:1291~1297. 

30. Sebrechts CP, Klein JL, Ahnve S, Froelicher VF, Ashburn WL. Myocardial 
perfusion changes following one year of exercise training assessed by thallium-201 
circumferential court profiles. Am Heart J 1986;112:1217-1226. 

31. Schuler G, Schlierf G, Wirth A, Mautner H-P, Scheurien H, Thumm M, 
Roth H Schwartz F, Kohlmeier M, Mehmel HC, Kubler W. Low-fat diet and 
regular supervised physical exercise in patients with symptomatic coronary artery 
disease: reduction of stress-induced myocardial ischemia. Circulation 1988;77: 
172-18.. 

32. Iskandrian AS, Hakki A-H, Segal BL, Kane SA, Amenta A. Assessment of 
the myocardial perfusion pattern in patients with multivessel coronary artery 
disease. Am Heart J 1983;106:1089-1096. 

33. Iskandrian AS, Haaz W, Kane S. Effects of coronary artery narrowing, 
collaterals and left ventricular function on the pattern of myocardial perfusion. 
Cathet Cardiovasc Diagn 1980;6:159~172. 

34, Iskandrian AS, Lichtenberg R, Segal BL, Mintz GS, Mundth ED, Hakki A- 
H, Kimbiris D, Bemis CE, Croll MN, Kane SA. Assessment of jeopardized 
myocardium in patients with one-vessel disease. Circulation 1982;65:242-247. 

35. Tubau JF, Chaitman BR, Bourassa MG, Lesperance J, Dupras G. Impor- 
tance of coronary collateral circulation in interpreting exercise test results. Am J 
Cardioi 1981;47:27-32. 

36. Tsuchiya G. Postmortem angiographic studies on the intercoronary arterial 
anastomoses. Report 1. Studies on intercoronary arterial anastomoses in adult 
human hearts and the influence of the anastomoses of strictures of the coronary 
arteries. Jpn Circ J 1970;34:1213-1220. 

37. Geasini GG. Caronary Angiography: anatomy of coronary arteries in disease. 
In; Braunwald E, ed. Heart Disease. A textbook of Cardiovascular Medicine 
Philadelphia: WB Saunders, 1980:336-345. 


HIGH-INTENSITY EXERCISE TRAINING 1599 


tassel RR an e aa r aaia a o 


Silent Versus Symptomatic Ischemia During a 
Thallium-201 Exercise Test 


Mark |. Travin, MD, Angel R. Flores, MD, Charles A. Boucher, MD, 
John B. Newell, BA, and Paul J. LaRaia, MD 


One hundred thirty-four patients with redistribu- 


tion on a thallium-201 exercise test who did not 
experience angina (group 1) were compared with 
134 patients also having redistribution who had 
angina durng the test (group 2). The groups 
were matched by age, sex, and peak exercise 
heart rate. Although patients in both groups 
achieved za equivalent exercise level, patients in 
group 1 hac less frequent (53 vs 71%, p 
<0.005) ard less severe (0.15 + 0.13 vs 0.20 + 
0.13 mV, t <0.005) ischemic ST-segment de- 
pression. Group 1 also had less ischemic thalli- 
um-201 inmeges in terms of the number of redis- 
tributing detects, the severity of the worst redis- 
tributing defect, and an ischemic index 
composite ef both extent and severity. Patients 
in group 1 were less likely to undergo early re- 
vascularization (12 vs 29%, p <0.005), but in 
the remaining patients the occurrence of adverse 
cardiac events was similar (21% vs 29%, 
p = not sigrfficant). By multivariate analysis, 
only the ischemic index correlated with early re- 
vascularization in group 1 (p = 0.0017), whereas 
the percent: maximal predicted heart rate corre- 
lated best iz group 2 (p = 0.0003). In group 1 
the ratio of hing/heart thallium-201 uptake cor- 
related besi with an outcome of nonfatal myo- 
cardial infarction or cardiac death (p = 0.0024): 
in group 2 the presence of fixed left ventricular 
dilatation cid (p = 0.0022). Thus, patients with 
exercise-induced thallium-201 redistribution 
without anzana have less ischemia than patients 
experiencia: angina. They are also less likely to 
undergo earty revascularization, but their prog- 
nosis is otherwise similar to patients with angina 
during the Get, 
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between silent and symptomatic myocardial 
ischemia during an exercise stress test remain 
unclear. Whereas some studies have suggested that pa- 
tients without angina have less myocardial ischemia 
than patients with angina,!? others have shown no dif- 
Terence 2-7 Studies that have compared differences in 
prognosis are equally variable, with there being evi- 
dence of no difference,'>8-!° evidence of a worse prog- 
nosis,*:!! and evidence of a better prognosis~!? for pa- 
tients with silent ischemia. Another factor adding to the 
uncertainty is that different criteria have been used to 
define exercise-induced silent ischemia. Most investiga- 
tors have used the development of ischemic electrocar- 
diographic changes,”-8-!13 whereas others have used 
evidence of ischemia from radionuclide studies, !.3.4.6-8 
Most studies have had a selection bias in that only pa- 
tients with coronary artery disease documented by car- 
diac catheterization were included, which may not have 
accurately represented the entire population of patients 
with exercise-induced silent ischemia studied noninva- 
sively. Finally, in many of these studies the exer- 
cise levels achieved by the compared groups were not 
the same.2->:/8,10 
In this study we sought to overcome these limita- 
tions. Our study population was derived from consecu- 
tive outpatients who had ischemia during a thallium- 
201 exercise test, regardless of whether they underwent 
coronary angiography. Ischemia was defined as the oc- 
currence of a redistributing perfusion defect. Further- 
more, patients without angina during the test were 
matched to patients with angina by age, sex, and peak 
heart rate. The extent and severity of ischemia, and the 
clinical outcomes over 5 years were compared in both 


groups. 


D espite many previous studies, the differences 


METHODS 

Patients: From the approximately 4,900 patients 
presenting to our institution for an outpatient thallium- 
201 exercise test from September 1982 to December 
1988, all having at least 1 unequivocal redistributing 
defect were identified. Patients with a previous revascu- 
larization procedure were excluded. Patients not experi- 
encing angina during the test were selected (group 1) 
and blindly matched by sex, age (within 2 years), and 
peak exercise heart rate (within 6 beats/min) to pa- 
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tients experiencing angina during the test (group 2). 
Every patient who could be matched was included, 
yielding 134 matched pairs, a total of 268 patients. 

Exercise protocol and image acquisition: Each 
patient underwent a symptom-limited treadmill exer- 
cise test using a Bruce or modified Bruce protocol, 
with continuous monitoring of heart rate and rhythm, 
blood pressure and symptoms. Twelve-lead electrocar- 
diograms were recorded every minute. At peak exer- 
cise, 2 to 3 mCi of thallium-201 chloride was injected 
intravenously. Stress and 4-hour delayed myocardial 
planar images were obtained in the 3 standard projec- 
tions.'4 

Analysis of stress tests: For cach patient the stress 
electrocardiograms and accompanying information 
were reviewed without knowledge of other data. The 
peak heart rate, age-adjusted maximal predicted heart 
rate, work load in metabolic equivalents,!> peak rate 
pressure product and exercise time were noted, as was 
the presence and magnitude of ST-segment depression. 
An electrocardiographic response was defined as posi- 
tive for ischemia if there was horizontal or downsloping 
ST-segment depression 20.1 mV for 280 ms after the 
J point for 23 consecutive beats. The electrocardio- 
grams of patients with left bundle branch block, ST- 
segment abnormalities at rest, or of those taking digi- 
talis were considered inconclusive. A systolic blood 
pressure increase of 210 mm was defined as normal. 
Finally, the presence o? exercise-induced ventricular ec- 
topy was noted. 

The presence of anginal discomfort during the test 
was ascertained from the reports of experienced cardi- 
ologists who performed and interpreted the tests. To be 
included in the group with chest pain, the discomfort 
had to be suggestive of angina or similar to the patient’s 
presenting symptoms. Patients who only had dyspnea 
during the test were not included in the chest pain 
group, although it is conceivable that dyspnea in some 
cases may have been an anginal equivalent. 

Analysis of thallium-201 images: All images were 
reviewed by 3 of the authors unaware of other data. 
Only patients with unequivocal redistributing defects 
seen in multiple views and confirmed by quantitation!® 
were included. All images were reviewed from Novem- 
ber to December of 1989, eliminating possible variation 
of image interpretation related to the time of the test. 

The left ventricle was divided into 3 segments in 
each projection (Figure 1). Each segment was visually 
graded on a 5-point scale: (4 = normal, 3 = mildly re- 
duced uptake, 2 = moderately reduced uptake, 1 = se- 
verely reduced uptake, 0 = minimal to no uptake), An 
increase of 1 grade from stress to delayed image was 
interpreted as redistribution. The number of fixed de- 
fects, the number of redistributing defects, and the 
grade (in the stress image) of the worst redistributing 


segment was noted. A qualitative ischemic index, en- 
compassing both the extent and severity of ischemia, 
was derived (Figure 1).!7-18 

The segments were also graded quantitatively using 
a previously described computer algorithm.'* The pres- 
ence or absence of initial defects and redistribution 
were derived from data obtained from normal subjects 
with a <1% probability of coronary artery disease. A 
quantitative ischemic index was derived in a manner 
analogous to the qualitative index. 

Images were also reviewed for the presence of cav- 
ity dilatation, both fixed and transient, and lung up- 
take, 19:20 

Follow-up analysis: Follow-up was obtained for 
98% of patients to a mean of 25 + 19 months after the 
test (p = not significant between the groups) from hos- 
pital and outpatient records, personal communications 
with the private physician, data from the Bureau of 
Vital Statistics, or telephone interviews. Cardiac events 
considered were: cardiac death, nonfatal myocardial in- 
farction, a revascularization procedure (coronary artery 
bypass surgery or percutaneous transluminal coronary 
angicplasty) performed >6 months after the exercise 
test, and a revascularization procedure performed at 
any time that was precipitated by clinical deterioration. 
The first event was the end point. Patients who died of 
noncardiac causes were treated as event-free until their 
death and then censored. Because a revascularization 
procedure is frequently based on test results rather than 
clinical deterioration, elective early (within 6 months) 
procedures were considered separately. 

Statistical analysis: All values are expressed as 
mean + 1 standard deviation. Continuous variables 
were compared by an unpaired 2-sample ¢ test. Propor- 
tions were compared by the chi-square statistic with the 
Yates correction. Event-free survival was calculated by 
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FIGURE 1. The left ventricle was divided as shown. Thallium- 
201 uptake was graded visually using a 5-point scale. Each 
redistributing segment was given an ischemic score of 1 — 
stress grade/4 De, the percent decrease from normal in thal- 
fium uptake); normal and fixed segments were given scores of 
0. The 9 were grouped into 6 anatomic regions: an- 
terior, lateral (ANT 1, LAT 3), inferior (ANT 3, LAT 1), apex 
(ANT 2, LAT 2), septum (left anterior oblique [LAO] 3), infer- 
oapex (LAO 2), posterolateral (LAO 1). For the anterior, infe- 
rior and apical walls, the scores of the 2 corresponding seg- 
ments were averaged. These values were added to the remain- 
ing 3 wali scores to derive the ischemic index. The ischemic 
index could range from 0 (best) to 6 (worst). 
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TABLE I Beceline Clinical and Angiographic Characteristics 


Group 1* 
(n = 134) 


Group 2T 


Variade (n = 134) p Value 


Clinical 


62 +8 
129 (96) 
78 (58) 
46 (34) 


562 48 
129 (96) 
121 (94) 
38 (28) 


NS 
NS 
<0.001 
NS 


Age (years) 
Men 

Prior angina 
Prior infarcties 


Risk Factors 


15 (11) 
73 (54) 
74 (56) 


Medications 


54 (40) 
68 (51) 
38 (28) 


14 (10) 
58 (43) 
69 (51) 


Diabetes mei is 
Smoking 
Hypertensior 


Nitrates 
B blockers 
Diltiazem/ve-epamil 


49 (37) 
79 (59) 
38 (28) 


Angiographic Data 


79 (59) 
2.2 + 0.9 

62 (79) 
*Group 1 = pavi=nts with silent treadmill ischemia. 
tGroup 2 = paierts with symptomatic treadmill ischemia. 


Numbers in paexicheses refer to percentages of patient group. 
NS = not significextt. 


93 (69) 
2.3 +0.93 
71 (77) 


Angiography æ formed 
Vessels diseased 
Multivessei d<=se 





life-table ana_ysis. To assess the prognostic power of the 
different exercise and thallium variables, stepwise logis- 
tic regressicr and Cox proportional-hazards survival 
analysis was performed (BMDP LR and BMDP 2L: 
Department of Biomathematics, University of Califor- 
nia at Los Angeles). The following variables were 
analyzed: age use of 8 blockers, exercise time, meta- 
bolic equivakemts, percent maximal predicted heart rate 
achieved, peak heart rate, rate pressure product, blood 
pressure response to exercise, presence of electrocardio- 
graphic evid=r.ce of ischemia, number of redistributing 
defects, seve>ty of the worst redistributing defect, isch- 
emic index, presence of increased lung uptake, lung/ 
heart activity ratio, transient left ventricular dilatation, 
fixed left vemcricular dilatation, and dilatation either 
transient or ve For all statistical analyses, differ- 
ences were considered significant for a p value <0.05. 


RESULTS 

Patient characteristics: The baseline characteristics 
of the patients in each group are compared in Table I. 
Fewer of the zatients in group 1 (silent ischemia during 
exercise) had a previous history of chest pain. There 
was no difference between the groups in cardiac risk 
factors, incluc:ng diabetes mellitus, nor in the percent- 
ages of paties-s receiving various cardiac medications. 
The proporticn of patients in each group undergoing 
cardiac catheterization was similar, as was the extent of 
coronary disease. Four of the patients in group 1 (5%) 
and 2 in grap 2 (2%) who underwent cardiac cathe- 
terization hał no apparent epicardial disease. 






TABLE fi Exercise Test Results 
Group 1 










Group 2 














Variable (n = 134) (n = 134) p Value 
Work Load 
Peak HR (beats/min) 13121 132 + 21 NS 
MPHR (%} 792+ 12 79212 NS 
METs 9.3+3.1 8.9 + 3.0 NS 
Peak RPP/1,000 23.1 + 6.3 22.4 + 5.7 NS 
Exercise time (min) 8.0 + 2.6 7.4+2.8 NS 


Electrocardiographic Results 







Positive 71 (53) 95 (71) <0.005 
Negative 37 (27) 20 (15) <9.05 
inconclusive 25 (20) 19 (14) NS 
Maximai ST Dep (mV)  0.15+ 0.13 0.20+0.13 <0,005 





Blood Pressure Response 






Normal 113 (84) 96 (72) <0,05 
Ventricular Ectopy 
Present 60 (45) 55 (41) NS 











Numbers in parentheses refer to percentages of patient group. 

CG = electrocarciogram; HR = heart rate; Maximal ST Dep = maximal ST 
depression developed during the exercis2 test; METs = estimated metabolic equivalent 
level at maximal exerc-se; MPHR (%) = percent of maximal predicted heart rate for age 
achieved; NS = not significant; RPP = rate pressure product (heart rate x systolic 
blood pressure at seak exercise). 







Comparison of ischemia: Despite virtually identical 
work loads attained by both groups, patients in group 1 
had a less ischemic electrocardiographic response to ex- 
ercise (Table II). Patients in group 1 had less frequent 
and less severe ischemic ST-segment depression. They 
were also more likely to have had a normal blood pres- 
sure response to exercise. The incidence of ventricular 
arrhythmias was similar in both groups. 

Patients in group 1 had less ischemic thallium-201 
images (‘Table III). By visual analysis, there were fewer 
redistributing defects per patient. The mean stress 
grade of the worst redistributing defect for patients in 
group 1 was higher, and both the visual and quantita- 
tive ischemic indexes were lower in group 1. There was 
no difference between the groups in the proportion of 
patients with abnormal lung uptake, the severity of 
lung uptake, or the presence of either transient or fixed 
left ventricular dilatation. When analysis was limited to 
the subgroup of patients with ischemic electrocardio- 
grams or to those with proven coronary disease, pa- 
tients in group 1 still had less extensive and less severe 
redistributing defects than patients in group 2. 

Follow-up: Fewer patients in group 1 (12 vs 29%, p 
<0.005) underwent an early (within 6 months) elective 
revascularizaticn procedure (Table IV}. However, there 
was no significant difference in late revascularization, 
revascularization after clinical deterioration, nonfatal 
myocardial infarction or cardiac death in the remaining 


patients. The overall incidence of an event was similar: - 


21% in group 1, 29% in group 2. The outcomes of the 2 
groups by life-table analysis, excluding patients with 
early revascularization, are seen in Figures 2 and 3. 


1602 THE FMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 


e 


r 





TABLE IW Comparison of Thallium-201 Scintigraphic 


Variables 


Variable 


No. of fixed defects/pt. 
No. of redistributing de- 
fects/pt. 


Stress grade of worst re- 


distributing defect* 
ischemic index 


No. of fixed defects/pt. 

No. of redistributing de- 
fects/pt. 

Stress grade of worst re- 
distributing defectt 

Ischemic index 


Increased lung uptake 
Lung/heart ratio 


Absent 
Transient 
Fixed 


Group 1 Group 2 
(n = 134) {n = 134) p Value 


Visual Analysis 


0.7 11 0:54 0.9 NS 
3.3 £ 1.4 3.8 + 1.4 <0.005 


16:11 1.3209 <0.05 


lL. + 0.7 13+0.7  <0.005 


Quantitative Analysis 


1921.5 1.7 + 1.7 NS 
3.2 + 2.0 3.6 + 2.0 <0.10 


59 +15 56+ 14 <0.10 


0.38 + 0.52 0.52 +0.55  <0.05 


Lung 


80 (60) 78 (58) 
DA +0.1 0.4 + 0.1 


LV Dilatation 


61 (46) 48 (36) 
95 (41) 73 (54) 
18 (14) 13 (10) 


*Range = 0—4; tRange = 0-100. , 


+ 


Numbers in parentheses refer to percentages of patient group. 
LV = left ventricular; NS = not significant. 
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TABLE IV Cardiac Events During Follow-Up 


Group 1 Group 2 
(n = 130)* (n = 132)T p Value 


Early Revascularization 


CABG 13 (10) 35 (27) <0.001 
3 (2) 3 (2) NS 


Total 16 (12) 38 (29) <0.005 


Remaining Patients 


(n = 114) (n = 94) 




























Late revascularization 5 (4) 9 (10) NS 

Revasculérization after 5 (4) 8 (9) NS 
deterioration 

Nortfatal WI 6 (5) 6 (6) NS 

Cardiac death 8 (7) 4 (4) NS 









Total events 24 (21) 27 (29) NS 


*Four patients los: to follow-up. 
tTw patients lost to follow-up. 
Numbers in parentheses refer to percentages of patient group. 

CABG = coronary artery bypass grafting; Ml = myocardial infarction; NS = not 
significant; PTCA = percutaneous transluminal coronary angioplasty. 










There was no difference in event-free survival (Figure 
2) and no difference in survival when only the end 
points of cardiac death or myocardial infarction were 
considered (Figure 3). 

The univariate and multivariate predictors of early 
revascularization for both groups are listed in Table V. 
For group 1, the ischemic index, the number of redis- 


EVENT-FREE SURVIVAL 


24 
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36 48 


FOLLOW-UP INTERVAL (MONTHS) 


FIGURE 2. Event-free survival of both patient groups. Patients who underwent early revascularization were exchided. Noncar- 
diac deaths were censored at the time of death. NS = not significant. 
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TABLE V Pa ameters Predictive of Early Revascularization 


Untasrviate Predictors Multivariate Predictors 








Parameter Chi-Square p Value Chi-Square p Value 
















ISCH index 14.34 0.0002 10.33 0.0017 
Defects (#) 10.52 0.0015 
LVtDIL 5.65 0.0189 





LVDIL 5.49 0.0207 












MPHR (%) 17.70 0.0001 13.85 0.0003 








Peak HR 13.41 0.0004 
Peak RPP 9.30 0.0028 
Lung/heart 6.38 0.0128 
LYDIL 5.87 0.0168 6.81 0,0102 
ECG 5.62 0.0193 4.94 0.0281 






Defects (#) = romber of redistributing defects; ECG = positive electrocardiographic 
response to exerci e HR = heart rate; ISCH = ischemic; Lung/heart = ratio of 
lung/heart thalliur SC LVDIL = left ventricular dilatation (transient or fixed); 
LVtDIL = transiert eft ventricular dilatation; MPHR (%1 = percent maximal predicted 
heart rate for age sc-ieved during exercise; RPP = rate-oressure product. 







tributing defects, the presence of transient left ventricu- 
lar dilatation and the presence of dilatation both tran- 
sient and fixed were univariate predictors of early re- 
vascularizatt-a. Stepwise regression, however, showed 
that the onl, independent predictor was the ischemic 
index. For =soup 2, the percent maximal predicted 


MI/CD-FREE 


MIUCD-FREE SURVIVAL 


24 





36 


heart rate achieved, the peak heart rate, the peak rate 
pressure product, the lung/heart uptake ratio, the pres- 
ence of left ventricular dilatation on the stress image, 
and the presence of electrocardiographic evidence of 
ischemia predicted early revascularization; the best in- 
dependent predictor was the percent maximal predicted 
heart rate achieved. 

The various exercise and thallium-201 parameters 
of the patients whose outcomes were nonfatal myocar- 
dial infarction or cardiac death are detailed in Table 
VI. By multivariate analysis (Table VII), the lung/ 
heart activity ratio and the patient’s age best correlated 
with this outcome in group 1, whereas the presence of 
fixed left ventricular dilatation and the number of tran- 
sient thallium-201 defects did so in group 2. Six of 8 
cardiac deaths in group | and all 4 in group 2 were 
patients with abnormally increased lung uptake. Eleven 
of 14 patients in group 1 experiencing nonfatal myocar- 
dial infarction or death had left ventricular dilatation as 
did all of those in group 2. 


DISCUSSION 

The significance of silent ischemia remains unclear, 
partly because there is variability in 2 aspects of how 
silent ischemia is defined. The first is whether to mix 
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FIGURE 3. Nocgatal myocardial infarction (MI) and cardiac death (CD)—free survival. Patients who underwent early revascular- 
ization were e»ekided. Other revascularization patients were censored at the time of their procedure. Noncardiac deaths were 


censored at the Eme of death. NS = not significant. 
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TABLE VI Exercise and Thallium-201 Variables of Groups 1 and 2 


EX. PHR Peak 
ge Time MPHR (beats/ RPP/ No. of L/H 
(yr) BB (min) METs (%) min) 1,000 BP ECG TIRd Ratio 


Patients Whose Outcome Was Nonfata!l Myocardial Infarction or Cardiac Death: Group 1 {silent ischemia) 





1 MI 10 56 + 7.0 9.6 93 158 39.5 + | 4 1 1.8 + 0.49 T 
2 MI 7 59 d 4.3 6.8 67 112 15.7 + 0 4 0 1.5 + 0.63 F 
3 MI 12 63 0 8.0 9.6 90 150 33.0 + + 5 a 1.5 + 0.43 d 
4 Mi 6 66 0 4.3 6.8 66 107 13.9 0 + 4 0 1.6 + 0.44 T 
5 MI 20 75 0 9.5 6.8 92 144 31.1 + i 2 3 0.4 O 0.31 F 
6 Mi 10 75 Q 6.8 6.8 90 140 19.0 Q + 3 2 0.8 0 0.37 T 
7 CD 76 57 0 3.0 4.8 71 120 11.4 0 d 2 D 1.1 + 0.46 d 
8 CD 60 61 0 11.0 6.8 84 140 19.6 d 0 2 2 0.5 + 0.53 T 
9 CD 43 63 + 8.0 9.6 63 105 17.9 + 0 2 3 0.4 + 0.59 F 
10 CD 23 62 + 9.0 9.6 73 122 19.0 + l 1 l 0.8 + 0.67 T 
11 CD 29 64 + 6.0 6.8 75 144 21.1 + + 5 1 1.3 0 0.35 0 
12 CD 32 71 + 4.3 6.8 67 107 20.3 0 + 2 2 0.6 + 0.61 T 
13 CD 18 73 Q 5.0 2.0 91 144 30.2 + 0 4 l 1.0 0 0.31 T 
14 CD 16 74 0 5.3 6.8 76 120 15.0 Q I 7 D 3.0 + 0.69 F 
Mean + SD* 26221 66 +7 6.5423 221 78411 126218. 21,9265 34416 131.0 1220.7 0.49 + 0.13 


Patients Whose Outcome Was Nonfatal Myocardial Infarction or Cardiac Death: Group 2 (symptomatic ischemia) 





1 MI 3 41 + 8.0 6.8 73 132 23.1 + + 5 l 2.1 + 0.45 T 
2 MI 13 53 + 7.0 9.6 87 150 22.2 0 + 4 2 1.3 0 0.35 T 
3 MI 0 61 0 4.0 6.8 72 120 22.8 + l 6 0 3.5 + 0.55 T 
4 MI 14 70 0 14.4 9.6 91 145 24.1 + + 6 l 2.1 + 0.49 T 
5 MI 18 72 0 4.0 6.8 77 122 13.4 0 + 6 2 1.6 0 0,24 T 
6 MI l 74 0 8.7 4.8 86 135 10.3 d l 6 l 2.0 + 0.78 F 
7 CD 56 56 T 6.0 6.8 61 103 15.5 + | 3 3 0.5 + 0.40 F 
8 CD D 67 + 5.0 6.8 80 129 12.9 0 | 5 1 2.0 + 0.59 F 
9 CD 28 68 0 6.0 6.8 84 136 24.5 0 | 2 2 0.4 + 0.71 T 
10 cD 33 72 0 3.0 4.8 85 135 23:0 0 + 3 0 1.3 + 0.50 T 
Mean + SDT 17218 63+10 6625.2. 67+16 ‘8029 1311+13 19.2255 4641.6 13415 170.9 0.51 + 0.16 


*For all p = not significant compared with Group 2. 
TFor all p = not significant compared with Group 1. 8 , ; 
B = B blockers (+ = present; D = absent); BP = blood pressure response to exercise (+ = normal; O = abnormal); CD = cardiac death; ECG = electrocardiographic response to exercise (+ = positive; O = negative; | = inconclusive); Ex. = exercise; Il = ischemic 


index; L/H = lung/heart uptake; LU = abnormal lung uptake (+ = present; O = absent); LVDIL = left ventricular dilatation (T = transient; F = fixed; O = no dilatation); METs = metabolic equivalents; MI = myocardial infarction; MPHR (%) = percent maximal 
Prier ae for age achieved; PHR = peak heart rate; RPP = rate-pressure product; SD = standard deviation; Time Event = time between thallium test and event; TIRd = number of redistributing defects; WRST DFCT = stress grade of most severe redistributing 
efect (0 to 4 scale). 
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TABLE VII Pa-ameters Predictive of Nonfatal Myocardial! 
Infarction or =rdiac Death 


Univariate Pr=i ctors Multivariate Predictors 


Parameter Chi-Square p Value Chi-Square p Value 


METS 
Lung/heart 
BP 

Age 


9.23 


4,38 
LVDIL 
Ex. time 


Peak RPP 
ISCH index 
Defects (#) 





patients whc Aave episodes of both symptomatic and 
silent ischemia with patients who have “no angina and 
no anginal ecuavalent, either by history or on stress test- 
ing,” the later considered by some to be “real silent 
ischemia.”’*! Tdore than half (58%) of our patients with 
silent ischem_a had a history of chest pain. We defined 
silent jecheugz as the occurrence of myocardial isch- 
emia withou- angina during an exercise test. Our re- 
sults are appk&=able to many patients in clinical practice, 
but may not acply to silent ischemia defined differently. 

The secord aspect is, which laboratory variable de- 
fines silent isthemia? Most previous studies have used 
ST-segment d2pression.?8-!0!3 This study uses thallium 
scintigraphy, sa0wn to be better for the diagnosis of 
ischemia.22,23 Dur results therefore are valid only if one 
uses thallium-=01 redistribution, and may not apply to 
silent ischem&. defined differently. 

Extent anc severity of ischemia: We have shown 
that when matched for age, sex, and peak exercise 
heart rate, pa-zents having redistributing defects with- 
out angina during an exercise test have, by both elec- 
trocardiograp-tc and thallium-201 criteria, less isch- 
emia than patiznts with angina. This is found despite 
an equivalence of coronary disease in both groups, sug- 
gesting that t€ extent of anatomic disease does not re- 
flect the extenz of physiologic ischemia. 

Our results differ from numerous studies that have 
found no difference in the amount of ischemia between 
patients with silent and symptomatic ischemia.>~>-’ In 
these studies, Fowever, the peak exercise work load was 
consistently greater in patients with silent ischemia, 
suggesting thet they are in fact less ischemic. However, 
a recent stud, by Gasperetti et alf found no difference 
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in the extent of thallium-201 hypoperfusion despite 
equivalent exercise levels in their groups. The reason for 
the discordance in our results may be their inclusion of 
a large number of patients (60%) with a previous myo- 
cardial infarction (20% recent). Our study, limited to 
outpatients, had only a 31% incidence of previous myo- 
cardial infarctton (none recent). In the cited study, the 
difference between the 2 groups in the extent of isch- 
emia was larger for patients without a previous myocar- 
dial infarction. A subgroup analysis of our patients 
showed that the difference in ischemic severity applied 
only to patients without a previous infarct, showing the 
important effect of patient selection on outcome. 

In addition the cited study, having only 103 patients 
vs 268 in ours, did show a trend toward less redistribut- 
ing defects in the silent group. The differences between 
our groups was small and required a large number of 
patients to show significance. Nevertheless, the exten- 
sive overlap in our patients does suggest that a differ- 
ence in ischemic severity is only part of the explanation 
for the difference in symptomatic responses to exercise. 

Prognostic implications: In our study, patients with 
silent ischemia were less likely to undergo an early (<6 
months) elective revascularization procedure. If early 
revascularization were to be considered a cardiac event, 
then patients with silent ischemia would have had a 
better prognosis. However, a revascularization proce- 
dure is often the result of a physician’s reaction to the 
test results rather than an adverse event. Although pre- 
vious studies have counted revascularization after 2 or 3 
months as a cardiac event,>°4 in our study we more 
conservatively chose a 6-month cut-off, but did count as 
events patients undergoing revascularization because of 
clinical deterioration. Using the customary 3-month 
cut-off would not have altered our conclusions. In either 
case, we found that for the 214 patients not undergoing 
early elective revascularization, the prognoses in both 
groups were the same. Importantly, a separate analysis 
of these patients also showed that patients with silent 
ischemia had, despite an equivalent exercise work load, 
less extensive and less severe ischemia than symptomat- 
ic patients. It is unclear why these groups with different 
amounts of ischemia have similar prognoses. Although 
the difference in ischemia is large enough for statistical 
significance, it may be too small for clinical signifi- 
cance. Imporiantly, patients with symptoms are likely 
to receive more aggressive medical therapy. 

Although it has been shown that silent ischemia is 
prognostically worse than no ischemia,*>-?’ studies that 
have compared the prognosis relative to symptomatic 
ischemia have reached varying conclusions. Whereas 
some studies have shown that patients with silent isch- 
emia have a more favorable prognosis,”!? others, like 
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ours, have shown no difference.!>8-!9 A few studies 
have shown that patients with silent ischemia have a 
less favorable prognosis.*:!! These differences, although 
partly the result of variations in patient selection, may 
relate more to how physicians in various institutions 
view the importance of diagnostic studies, such as thal- 
lium stress testing, and how the test results influence 
their decision to send a patient for revascularization.” 
Breitenbiicher et all) saw that although symptomatic 
patients were more likely to undergo revascularization, 
those with silent ischemia had a higher incidence of 
subsequent myocardial infarction and cardiac death. In 
their study, however, only 7% of patients with silent 
ischemia underwent revascularization compared with 
20% in our study. The higher revascularization rate in 
our patients with silent ischemia probably decreased the 
number of subsequent cardiac events, equalizing their 
outcome to that of the symptomatic patients. That the 
ischemic index was the best predictor of early elective 
revascularization in our group with silent ischemia sug- 
gests that physicians at our institution were greatly in- 
fluenced by the thallium test results in their decision to 
send these patients for revascularization. Our results 
may therefore not apply to institutions that rely more 
on symptoms and less on thallium-201 image results. 

Study limitations: There are several important limi- 
tations to this study. The first is that we used planar 
imaging instead of single-photon emission computed 
tomographic imaging. Planar imaging is impaired by 
geometric overlap, although we attempted to account 
for this in the calculation of the ischemic index. A simi- 
lar study that did use quantitative single-photon emis- 
sion computed tomography’ found no difference in per- 
fusion defect size in silent versus symptomatic ischemia, 
but included many patients without radionuclide isch- 
emia. 

Second, as we only selected patients who could be 
matched, we did not fully evaluate all patients present- 
ing to our laboratory during this time period. Seventy- 
one patients with and 277 without angina were exclud- 
ed because of inability to match. 

Third, we selected patients who had their tests over 
a long time period (1982 to 1988). As there is evidence 
for a declining thallium specificity over the years,” the 
test year could conceivably have affected physician de- 
cisions after thallium-201 imaging, influencing the car- 
diac event rate. We found, however, that the rate of 
early elective revascularization did not vary according 
to the year in which the thallium exercise test was per- 
formed. 

Finally, conclusions in this study are based on a ret- 
rospective review of stress data, including the patient’s 
symptoms during the test. Although the data were ana- 


lyzed carefully to determine whether symptcms were 
anginal, subjective judgment was required in many 
cases. Approximately 12 physicians performed these 
tests over the 6-year period, adding further subjectiv- 
ity. Prospectively obtained data would certainly have 
strengthened the conclusions of this study. One must 
also consider that dyspnea may be an anginel equiva- 
lent, but distinguishing dyspnea due to ischemia from 
that due to deconditioning or fatigue during a tress test 
is difficult. 
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Experience with Low-Dose Intracoronary 
Recombinant Tissue-Type Plasminogen 
Activator for Nonacute Total Occlusions 

Before Percutaneous Transluminal 
Coronary Angioplasty 


Nicholas A. Ruocco, Jr., MD, Jesse W. Currier, MD, Alice K. Jacobs, MD, 
Thomas J. Ryan, MD, and David P. Faxon, MD 


The primary success rate for angioplasty of total 
occlusions is significantly worse than for subto- 
tal lesions. Pharmacologic recanalization of total 
occlusions before angioplasty has the potential 
to improve the primary success rate. To deter- 
mine the ability of recombinant tissue-type plas- 
minogen activator (rt-PA) to recanalize occlusive 
thrombi before elective percutaneous translumin- 
al coronary angioplasty, 12 patients with total 
occlusions, 100% obstruction and Thrombolysis 
in Myocardial Infarction (TIMI!) grade O flow, and 
5 with functional total occlusions, severe steno- 
ses and TIMI grade 1 flow received an intracoro- 
nary infusion of rt-PA. The first 10 patients re- 
ceived 0.2 mg/min for 90 minutes, and the next 
7 patients received 0.4 mg/min for GO minutes. 
Flow improved by =1 TIMI grade in 11 patients. 
Mean TIMI flow improved from 0.3 + 0.5 to 1.5 
+ 1.2 (p <0.0001). There was a significant im- 
provement in severity of stenosis after rt-PA in- 
fusion by both digital caliper (99 + 2 vs 84 + 
16%; p <0.0001) and quantitative videodensito- 
metric area assessment (99 + 3 vs 94 + 6%: p 
<0.004). Angioplasty was successful in 16 of 17 
patients (94%). There were 2 out-of-laboratory 
abrupt closures at 4 days; both were medically 
treated and 1 had a small myocardial infarction. 
Only 1 patient had a bleeding complication sig- 
nificant enough to need a transfusion. It is con- 
cluded that low-dose intracoronary rt-PA is ef- 
fective at lysing thrombi <3 weeks old. This ap- 
proach warrants further investigation since it 
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may significantly improve the primary success 
rate of percutaneous transluminal coronary angi- 
oplasty in patients with occlusive thrombus. 

(Am J Cardiol 1991;68:1609-1613) 


has a lower primary success rate (50 to 70%) 

than that of subtotal occlusions (approximately 
90%).!-7 The reasons for this relatively low primary 
success are multiple, but the major problem common to 
every case is “blindly” steering the guidewire through 
the total obstruction. A recent report from the Percu- 
taneous Transluminal Coronary Angioplasty® registry 
confirms that failure to successfully dilate a total occlu- 
sion is due to the inability to pass the wire 81% of the 
time.’ Clearly, if flow could be reestablished before an- 
gioplasty, the ability to place the guidewire across the 
lesion would improve substantially. 

The pathophysiology of acute myocardial infarction 
involves the formation of an occlusive thrombus, which 
is the event that converts a subtotal to a total occlusion 
in most cases.°-!! Theoretically, the fibrin component 
of the thrombus should be susceptible to thrombolytic 
therapy until organization is complete. Experience with 
peripheral occlusions suggests that it is possible to lyse 
nonacute thrombi with local infusion of recombinant 
tissue-type plasminogen activator (rt-PA).!* Accord- 
ingly. we tested the hypothesis that selective adminis- 
tration of low-dose rt-PA at the site of a nonacute total 
coronary obstruction will lyse the fibrin component of 
the obstruction and reestablish blood flow. 


C oronary angioplasty of chronic total occlusions. 


METHODS 

The study group consisted of 17 patients referred to 
Bosten University Medical Center from January 1989 
to December 1990 for angioplasty of a total or func- 
tional total occlusion who met the following inclusion 
criteria: Patients with a total occlusion (n = 12), 100% 
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TABLE I Clinic Characteristics, Angiographic Data and Outcome of 17 Study Patients 


Case 
No. 


Age (y } 
& Sex 


Indication 
for PTCA 


PIA 

SEMI 

UA 

UA 
SEMI/PIA 
SEMI/PIA 
SEMI 
SEMI/PIA 
UA 

PIA 

PIA 

UA 

PIA 

PIA 

SEMI 


Duration of 


Symptoms (days) 


wou OO OO ah wN 


VD/ 
Culprit 


SVD/right 
MVD/LAD 
SVD/right 
SVD/right 
SVD/right 
SVD/LC 

SVD/right 
SVD/right 
SVD/LAD 
SVD/right 
SVD/right 
SVB/LC 

SVD/LC 

SVD/right 
MVD/LAD 


UA SVD/right 
PIA MVD/right 


Cath—PTCA 
Interval (days) 


Sch 


1 
2 
3 
7 
2 
l 
l 
2 
A 
0 
5 
0 
0 
2 
4 
0 


CA 
D 


TIMI Flow 


(before/after) Complications 


Embolus 
GB, AC (4 days after PTCA) 
GB 


GB 
Hematoma, AC (4 days after PTCA), +MI 


GB 
Embolus 


Hematoma 


Access site pseudoaneurysm 


AC = abrupt closi-+; Cath = diagnostic catheterization; GB = gingival bleeding; LAD = left anterior descending; LC = left circumflex; MI = myocardial infarction; MVD = multivesse! 
disease; PIA = postsarction angina; PTCA = percutaneous transluminal coronary angioplasty; SEMI = subendocardial myocardial infarction; SVD = single vessel disease; TIME = 


Thrombolysis in Myccardial Infarction; UA = unstable angina; VD = vessel disease. 


stenosis and Thrombolysis in Myocardial Infarction 
(TIMI) grade 0 flow had to have clinical evidence that 
the obstructicae was <3 months old. Patients with a 
functional toI occlusion {n = 5), severe stenosis and 
TIMI grade . flow had to have angiographic evidence 
of definite thr-mbus. Exclusion criteria consisted of any 
contraindicati—n to thrombolytic therapy, including his- 
tory of bleediæ diathesis, stroke, trauma or major sur- 
gery within 3 anonths, poorly controlled hypertension or 
a reading >16)/110 mm Hg in the catheterization lab- 
oratory, or a platelet count <100,000/mm. Participa- 
tion in an ongoing randomized protocol or the need for 
emergent angpplasty were also reasons for exclusion. 
Patients who recently underwent cardiac catheteriza- 
tion were ccmsidered candidates if the access site 
was well-heaed without a significant hematoma, so 
that evaluatiœ and compression could be performed if 
needed. 

Angiograrlay protocol: All patients were receiving 
aspirin, persaxtine and a calcium antagonist >12 hours 
before angioplasty and were premedicated with valium 
and benadryl The procedure was performed using the 
standard Seldinger technique with both arterial and ve- 
nous access. A temporary pacing catheter was placed in 
the pulmonary artery for pacing capability and pressure 
monitoring. Fatients received a standard bolus of 100 
U/kg of hepacin and a maintenance infusion of 1,000 
U/hr. The activated clotting time was monitored 
frequently, atd infusion of heparin was adjusted to 
yield an activéted clotting time of 300 to 400 seconds. 
All patients received nitroglycerin before angiography. 
Standard orthogonal views were obtained before angio- 
plasty. An argioplasty catheter was placed just proxi- 
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mal to the occlusion, and the guidewire was removed to 
allow selective infusion of rt-PA. If the occlusion was 
too proximal to permit stable placement of the angio- 
plasty catheter, the drug was infused through the guide. 
Cinecoronary angiography was performed every 30 
minutes during infusion. After infusion was completed, 
orthogonal views were repeated. The angioplasty then 
proceeded in standard fashion. 

Both coronary perfusion and percent stenosis were 
assessed before and after rt-PA, and after angioplasty 
by 2 angiographers. Perfusion was assessed using the 
TIMI grading system!! with 1 modification. If there 
was a definite increase in contrast penetration into the 
total occlusion without anterograde flow, a value of 0.5 
was assigned. Severity of stenosis was assessed at end- 
diastole with orthogonal views when possible or with 
the 1 best view when foreshortening occurred, by both 
digital calipers and videodensitometric area (Artrek 
program) using digital angiography. 

Drug infusion: The dose of intracoronary rt-PA was 
calculated to yield a high concentration at the site of 
the thrombus without reaching a significant systemic 
level. The usual intravenous dose of rt-PA yields ap- 
proximately a 2.0 ug/ml plasma concentration at 90 
minutes.!? Using standard assumptions for hematocrit 
(40%) and coronary blood flow (200 ml/min), an in- 
tracoronary infusion of approximately 0.2 mg/min is 
needed to achieve this concentration at the site of the 
obstruction. Most recanalization occurs by 90 minutes 
with the systemic administration of rt-PA.!4 Therefore, 
for the first 10 patients the intracoronary regimen was 
0.2 mg/min for 90 minutes, including a 0.5 mg bolus, 


for a total dose of 18.5 mg. In an attempt to decrease — . 
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Digital Calipers 


FIGURE 1. Stenosis assessed by both dig- 
ital calipers and quantitative digital angi- 
ography before (Pre) and after (Post) re- 
combinant tissue-type plasminogen activa- 
tor (rt-PA). Two patients did not have 
digital angiograms availahle for analysis; 
both responded to rt-PA. 


Stenosis (%) 


Pre 
rt-PA 


time to reperfusion, the last 7 patients received a dose 
of 0.4 mg/min for 60 minutes, and a 1.0 mg bolus, for 
a total dose of 25 mg. 

Hematologic parameters: Fibrinogen levels and 
platelet function test using a Biodata aggregometer 
were obtained before and immediately after rt-PA. 

Statistical analysis: Groups of patients were com- 
pared using chi-square analysis for categorical data, 
and Student’s ¢ test for continuous data. 


RESULTS 

Patient characteristics: Clinical characteristics of 
the 17 study patients are listed in Table I. Patients are 
arranged according to clinically estimated age of intra- 
coronary thrombus, which was based on the date of 
their recent infarction or change in anginal symptoms. 

Thirteen patients had a diagnostic cardiac catheter- 
ization within 1 month of their angioplasty. Nine of 
these patients had angioplasty through a new access 
site, and 4 had sheath exchanges and used the same 
access site. 

Angiographic data: Extent of coronary disease, the 
culprit vessel and TIMI grade coronary flow are listed 
in Taktle I. Twelve of 17 (70.6%) patients had a com- 
plete occlusion of 100%. Functional total occlusion with 
severe (295%) stenosis with TIMI grade 1 flow and 
definite thrombus, was present in 5 of 17 (29.4%) pa- 
tients. Mean left ventricular ejection fraction was nor- 
mal (£6.4%; n = 13). Collaterals to the obstructed ves- 
sel were present in 14 of 17 (82.3%) patients. 

Stenosis severity after rt-PA is shown in Figure 1. 
There was significant improvement in stenosis severity 
after infusion of rt-PA by both digital caliper (99 + 2 
vs 84 + 16; p <0.0001) and videodensitometric area 
assessment (99 + 3 vs 94 + 6; p <0.004). 

The effect of rt-PA on perfusion grade is illustrated 
in Figure 2. Mean TIMI flow improved from 0.3 + 0.5 








Digital Subtraction Angiography 
n=15 


n=17 


100 


p<.0001 p<.004 


90 


80 


70 


60 


Videodensitometric Area (%) 


Post 
rt-PA 


Post S Pre 
rt-PA rt-PA 


to 1.5 + 1.2 (p <0.0001 ). Eleven patients had increases 
of =1 TIMI grade. Two of the arteries that remained 
totally occluded had evidence of partial resolution of 
thrombus (i.e., increased penetration of contrast with- 
out recanalization [TIMI grade 0.5]), and 4 had no 
response. 

Clinical age of thrombus influenced the likelihood of 
successful thrombolysis. In 12 of 14 patients with occlu- 
sion durations of 1 to 2! days there was definite evi- 
dence of thrombolysis, whereas none of the 3 patients 
with an occlusion duration >21 days had any evidence 
of thrombolysis (p = 0.02). 

Time to reperfusion appeared to be more rapid with 
the higher dose of rt-PA. With the 0.2 mg/min dose 
none of the total occlusions <21 days old had evidence 
of reperfusion at 30 minutes, 2 of 5 began to reperfuse 
at 60 minutes, and 1 of 5 began at 90 minutes. With 
the 0.4 mg/min dose, 4 of 5 total occlusions <21 days 
old had evidence of reperfusion that occurred at 30 
minutes in 3 patients and at 90 minutes in 1. 


t p<.000 1 


TIMI Grade Flow 


Post rt-PA 


Pre rt-PA 


FIGURE 2. Perfusion grade before (Pre) and after (Post) re- 
combinant tissue-type plasminogen activator (rt-PA) (mean + 
standard error). TIMI = Thrombolysis in Myocardial Infarc- 
tion. 
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Angioplaxy was successful in 16 of 17 patients 
(94%). Seve-ty of stenosis was reduced to 30 + 20%, 
and perfusion was normal in all patients with successful 
dilations. Th= 1 unsuccessful angioplasty occurred in a 
patient whos total occlusion was 22 days old and did 
not respond o intracoronary rt-PA. The angioplasty 
wire could n=t be passed across the total occlusion. 

Hematologic parameters: There was no change in 
fibrinogen after rt-PA (before 392 + 143 vs after 387 
+ 116 mg/cIl A trend toward increased platelet ag- 
gregability occirred after rt-PA in response to collagen 
(62 + 20 vs #35 + 17%), ristocetin (75 + 12 vs 81 + 
13%) and epmephrine (34 + 12 vs 40 + 13%). Re- 
sponse to ad=rosine diphosphate was significantly in- 
creased (52 = 20 vs 67 + 12%; p = 0.03). Response to 
arachidonic xcd, reflecting pretreatment with aspi- 
rin, was low and unchanged after rt-PA (15 + 13 vs 
12 + 7%). 

Complications: All patients were observed for the 
presence of b.ceding, and individual events are listed in 
Table I. Mircr gingival bleeding occurred in 4 of 17 
patients (23%) Three hematomas were seen; 2 oc- 
curred, during the infusion, at an arterial access site for 
catheterizatio~ performed 2 and 4 days earlier, respec- 
tively. Sheath -emoval in each case was complicated by 
a small hemeoma that increased in size after rt-PA. 
None of the ctrer 7 patients undergoing catheterization 
1 to 12 days earlier developed bleeding from their re- 
cent arterial puncture site. The third hematoma oc- 
curred after death removal the day after angioplasty, 
and was comicated by pseudoaneurysm formation 
and the need £r transfusion after repair. 

Two patietis had angiographically evident emboli. 
One resolved ter administration of an additional 10 
mg of rt-PA. The other resolved spontaneously and was 
asymptomatic 

Out-of-labxratory abrupt closure occurred in 2 pa- 
tients after discontinuation of heparin 4 days after 
angioplasty. Thrombolysis exposed a 2 cm long, type 3 
lesion in 1 pat:ent who was treated medically and had a 
small myocardial infarction with 560 U/liter of cre- 
atine kinase. Repeat angioplasty was attempted in the 
other patient, Sut was unsuccessful and uncompli- 
cated. 


DISCUSSIOR 

The goal of us study was to test the hypothesis that 
administration =f a low dose of rt-PA at the site of a 
nonacute total soronary occlusion would lyse the fibrin 
component of the obstruction and restore anterograde 
flow. The resus document that intracoronary rt-PA is 
capable of lysizg occlusive thrombi up to 3 weeks old. 
This was accor-plished with a relatively high success 
rate, as indicated by significant reduction in severity of 
stenosis and br -mprovement in anterograde flow. 


Our results were obtained with a low dose of rt-PA 
that decreases the likelihood of a serious complication 
such as intracranial hemorrhage.'> Even at the low 
doses used there was some evidence of systemic effect, 
most often manifested by gingival bleeding. However, 
the systemic effects appear to be mild, because most 
patients with recent arterial punctures did not develop 
anv bleeding. The 2 patients who did bleed from their 
recent arterial puncture site had moderate hematomas 
not needing transfusion. Of note, both patients had 
small hematomas before administration of rt-PA at the 
site of their previous catheterization. Thus, it appears 
that any hematoma increases the risk of bleeding. 

Although there was some evidence of systemic ef- 
fect, there was no evidence of fibrinogen depletion. In- 
terestingly, there was evidence of platelet activation. 
This phenomenon has recently been studied by Rudd et 
al.!© Platelet activation appears to occur frequently 
shortly after administration of thrombolytic agents, but 
within hours actually results in antiaggregatory effects. 
The degree of platelet activation present in our patients 
did not appear to have clinical significance, because the 
primary success rate was 94%, and both episodes of 
abrupt closure occurred 4 days after angioplasty when 
heparin was stopped. 

A 12% (2 of 17) abrupt closure rate is of concezn. 
An increased incidence of both acute and delayed 
abrupt closures has been noted when thrombus is pres- 
ent and during angioplasty of total occlusions.*:!7 One 
would hope that pretreatment with rt-PA would de- 
crease the bulk of thrombus and therefore decrease the 
likelihood of abrupt closure, but a larger series of pa- 
tients is needed to address this question adequately. An 
observation worth noting is that pretreatment with rt- 
PA of 1 of the patients that abruptly closed, exposed a 
>2 cm long type 3 lesion. Ordinarily, type 3 lesions are 
not accepted for percutaneous transluminal coronary 
angioplasty (PTCA), because of the high risk of abrupt 
closure. By definition, one does not know the morpholo- 
gy of a total occlusion before angioplasty and therefore 
cannot avoid the higher risk lesions. This may partially 
explain the lower primary success rate and higher 
abrupt closure rate associated with total occlusions. 

Whether pretreatment of total occlusions with rt- 
PA before PTCA will improve the primary success rate 
needs further evaluation. It has been well-established 
that total occlusions, even if relatively recent, as in our 
study, have a lower success rate than subtotal occlu- 
sions.?-7 An adjuvant therapy that could restore antero- 
grade flow should improve the likelihood of primary 
success. It is intriguing that the primary success rate in 
our group of patients was 94%, a rate associated with 
subtotal occlusions. 

One must also be cautious of the potential harm 
that pretreatment with rt-PA may cause. Recent stud- 
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ies have established that PTCA for an acute myocardi- 
al infarction after thrombolytic therapy is associated 
with more complications than is delayed angioplasty.'® 
The hypercoaguable state that is present during acute 
infarction, especially at the site of the lesion, may be 
responsible for these results, but it is also possible that 
thrombolysis may cause hemorrhage in the wall of the 
dilated plaque, and actually increase the incidence of 
abrupt closure and serious complications. Concern re- 
garding the risk of intracranial hemorrhage is always 
present when administering a thrombolytic agent. Al- 
though there was a trend toward shorter time to reper- 
fusion and toward increased efficacy with the higher, 
0.4 mg/min dose of rt-PA used in this study, higher 
doses would approach levels known to be associated 
with a 0.5 to 1.0% incidence of intracranial hemor- 
rhage. The risk-benefit ratio remains favorable for 
acute myocardial infarction, but not for elective PTCA. 
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Comparison of Angiographic Findings and 
Demcgraphic Variables in Patients with Coronary 
Artery Disease Presenting with Acute Pulmonary 
Edema Versus Those Presenting with Chest Pain 


Susan P. Graham, MD, and George W. Vetrovec, MD 


One hundred nineteen patients admitted to the 


coronary care unit with pulmonary edema were 
retrospectively reviewed to identify the demo- 
graphic chazacteristics and underlying cardiac 
disorders of this population. The patients with 
pulmonary edema were compared with 119 pa- 
tients admitted to the coronary care unit with 
chest pain. Cardiac catheterization in 71 pa- 
tients with pxlmonary edema and 93 with chest 
pain showed (eft main and 3-vessel coronary ar- 
tery diseases to be equally common in both 
groups, altheugh anginal pain was infrequent in 
patients with pulmonary edema {n = 28, 24%). 
Left ventricalar function was reduced in the pa- 
tients with pulmonary edema compared with 
those with chest pain (mean ejection fraction 42 
vs 59%; p <0.001). More patients with pulmo- 
nary edema were black, and had diabetes and 
preexisting fmpertension than those with chest 
pain. The results of cardiac catheterization were 
the same for black and white patients with pul- 
monary edema. In conclusion, patients with pul- 
monary eder a have a high incidence of cardiac 
disease, and sulmonary edema may be 1 mani- 
festation of s kent myocardial ischemia. Impor- 
tant demographic differences exist between pa- 
tients admitted with pulmonary edema and those 
who present with chest pain. 

(am J Cardiol 1991;68:1614-—1618) 
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of cardiac dysfunction. Patients presenting with 

pulmonary edema have an increase in cardiac 
events and death, leading to a poor short- and long- 
term prognosis.'-© Although some characteristics of 
these patients have been described,’~!? no comprehen- 
sive evaluation of underlying cardiac conditions is avail- 
able. This study describes the demographic and angio- 
graphic findings of patients presenting with pulmonary 
edema compared with those of a matched group pre- 
senting with chest pain but without pulmonary edema. 


Di edema is a dramatic manifestation 


METHODS 

Patient population: During | calendar year, 1,400 
patients were admitted to the coronary care unit of the 
Medical College of Virginia; 141 patients (9.4%) had 
a primary diagnosis of pulmonary edema. The diagno- 
sis was established by the admitting physician and 
was documented by: (1) history of new or worsened 
and persistent shortness of breath, nocturnal dyspnea 
or orthopnea; (2) physical examination demonstrating 
rales, S3 or a respiratory rate >16 breaths/minute; and 
(3) supporting laboratory studies showing hypoxia, car- 
diomegaly or pulmonary congestion on a chest radio- 
graph. Nine patients awaiting cardiac transplantation 
and 13 with unavailable medical records were excluded, 
leaving 119 individuals for evaluation. 

A comparison group of 139 patients with chest pain 
but without pulmonary edema were matched to those 
with pulmonary edema by the day and hour of admis- 
sion to the coronary care unit; charts were available in 
119 (86%) of these patients. 

Data acquisition: Information was obtained from 
the medical recozds regarding: (1) history of hyperten- 
sion, diabetes or typical anginal chest pain (anginal 
chest pain was defined as midsternal chest pressure oc- 
curring with exertion, and relieved by rest or nitroglyc- 
erin, with or without radiation to the neck or arms, 
diaphoresis, nausea or dyspnea); (2) myocardial infarc- 
tion documented by new Q waves or ST-T wave 
changes on the electrocardiogram and by elevation of 
cardiac enzymes; and (3) time of arrival in the emer- 
gency room for patients with pulmonary edema. 
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Cardiac catheterization: Cardiac catheterization 
was performed at the discretion of the attending cardi- 
ologist when the patient was clinically stable. 

Right heart pressures were recorded before angiog- 
raphy. Elevated pressures were defined as pulmonary 
artery systolic pressures >30 mm Hg or pulmonary ar- 
terial wedge pressures >14 mm Hg, or both. 

Selective coronary arteriography was performed in 
multiple projections using the Judkins technique. “Sig- 
nificant” coronary artery disease (CAD) was defined as 
>70% diameter stenosis. Significant valvular insuffi- 
ciency was defined as = +2 to +3. Significant valvular 
stenoses were defined as aortic valve areas <1.0 cm? 
and mitral valve areas <1.4 om Ejection fraction was 
calculated from the ventriculogram in the right anterior 
oblique projection. Cardiomyopathy was defined as an 
ejection fraction <40% with normal coronary arteries. 

Of the 119 patients with pulmonary edema, 71 
(60%) underwent cardiac catheterizations; 38 during 
the index admission, 33 during a preceding admission 
and 4 during a subsequent admission (average: within 
4.5 months of index admission). Ninety-three (86%) of 
the 119 patients with chest pain had catheterization; 73 
during the index admission and 20 during a previous 
admission. 

Statistics: Data are expressed as mean + standard 
error of the mean. Unpaired ź tests and chi-square 
analyses were used for statistical comparisons between 
the groups. Results were considered significant for p 
<0.05. 


RESULTS 

Demographic data: Demographic characteristics of 
the populations with pulmonary edema and chest pain 
are listed in Table I and Figure 1. Patients with pulmo- 
nary edema undergoing cardiac catheterization were 
not statistically different from the entire group with 
pulmonary edema (Table I). More of the patients with 
pulmonary edema were older and black, and had ante- 


40 


FIGURE 1. Incidence of diabetes (DM), percent 
hypertension (HTN) and male gender in 
black (n = 71) and white (n = 48) patients. 


p = not significant for all comparisons. 


TABLE 1 Demographic Data 


Age (yr, mean 


GEM) 


Age range (yr) 


Men 
White 


Hypertension 


Diabetes 
Myocardial 


Pulmonary 
Edema 
(n = 119) 


63 +1 


22-88 

58 (49%) 
48 (40%) 
68 (57%) 
39 (33%) 
21 (18%) 


Pulmonary 


Edema with 


Chest 


Catheterization* Pain 


(n = 71) 
62 + 1 


26—83 

41 (58%) 
34 (48%) 
38 (54%) 
23 (33%) 
13 (18%) 


(n = 119) 
oy ame | 


29-91 ** 


72 (60%) 
72 (60%) 
50 (42%) 
14 (12%) 
27 (23%) 


p Valuet 
<0.001 


<0.16 
<0.01 
<0.05 

0.001 
NS 





infarction 


Chest pain 28 (24%) 13 (18%) 119 (100%) 


*p = NS for pulmonary edema versus pulmonary edema with catheterization in all 


categories; Tpulmonary edema versus chest pain. 
NS = not significant; SEM = standard error of the mean. 


cedent hypertension and diabetes than the patients with 
chest pain. Cardiovascular risk factors were similar for 
black and white patients (Figure 1). The incidence of 
myocardial infarction during the index admission was 
the same for both groups, but only 24% of the group 
with pulmonary edema had past history of anginal 
pain. 

Cardiac catheterization: Table II lists the results of 
cardiac catheterization. Two thirds of the patients with 
pulmonary edema had significant CAD (35 [49%] with 
3-vessel disease, 7 [10%] of whom had left main dis- 
ease). For the patients with chest pain, 78 (84%) had 
CAD, including 33 (35%) with 3-vessel diseese. Of the 
23 (32%) patients with pulmonary edema without 
CAD, only 5 had normal catheterization, the remaining 
having dilated cardiomyopathy (7), valvular disease (8) 
or elevated right heart pressures (3). Of the patients 
with chest pain without CAD, 12 had normal catheter- 
ization, | had valvular disease and 2 had elevated right 
heart pressures. The patients without CAD were ex- 
cluded from further analysis. 

Mean ejection fraction of the group with pulmonary 
edema (42%) was significantly lower than that of the 


ed Black 


WN White 
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Ejection fractio 
(%, mean + SEM) 
Range (%) 
Right heart pressures 


Normal 


Increased 
Coronary disease (total) 


Left main 
3-vessel* 
2-vessel 
i-vessej 


Not significan 


TABLE If Carciac Catheterization 


Pulmonary 
Edema 
(n = 71) 


42 +2 
15-75 


48 (68%) 
23 (32%) 
48 (68%) 
7 (10%) 
35 (49%) 
7 (10%) 
6 (8%) 
23 (32%)t 


Chest 
Pain 
(n = 93) 


5921 
10--83 


78 (84%) 
15 (16%) 
78 (84%) 
4 (4%) 
33 (35%) 
21 (22%) 
24 (26%) 
15 (16%) 


p Value 


<0.001 


<0.02 
<0.02 


NS 
NS 
<0.10 
<0.01 
<0.02 





*Includes patien with left main disease; t5 normal, 8 valvular disease, 7 
cardiomyopathy and 3 elevated pressures; t12 normal, 1 valvular disease and 2 
elevated pressures. 

Abbreviations as c¢tTable |. 


TABLE HU Carciac Catheterization by Race: Pulmonary Edema 
Group (n = 71} 


Black White 


{n = 38) {n = 33) p Value 


Ejection fractic~ 
(%, mean =: SEM) 

Range (%) 
Coronary diseas= 

Left main 

3-vessel* 

2-vessel 

1-vessel 


40+3 
15-77 


4123 
19-75 


2 (5%) 
17 (45%) 
2 (5%) 
2 (5%) 


*Includes patientewith left main disease. 
Abbreviations as it “abie l, 


2 (6%) 
19 (58%) 

4 (12%) 

3 (8%) 


group with chest pain (59%) (p <0.001). Fifty (70%) 
of the patients with pulmonary edema and 21 (22%) of 
those with chzst pain had ejection fractions <50%. 

Despite a greater number of black patients in the 
group with pi‘monary edema, there was no difference 
in the results <f cardiac catheterization when analyzed 
by race (TabE HI). 

Time of presentation with pulmonary edema: Fig- 
ure 2 demonstrates the hour of the day during which 89 
patients with pulmonary edema presented to the emer- 
gency room. 
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DISCUSSION 

Pulmonary edema with or without myocardial in- 
farction has a poor prognosis, with an increase in im- 
mediate and long-term morbid events.!~’ Clark et al? 
reported a 60% two-year mortality in 56 patients with 
pulmonary edema with coronary disease, but without 
valve disease, cardiomyopathy or myocardial infarction. 
Other studies! have described a hospital mortality of 
17%® with a 1-year mortality of 43%. 

The results of this study, showing the high incidence 
and severity of CAD, and depressed left ventricular 
function in patients with pulmonary edema, may ex- 
plain the poor outcome. Extensive CAD and left ven- 
tricular dysfunction are important predictors of future 
cardiac mortality, with improvement in survival and 
symptoms achieved by revascularization and valve re- 
pair.9!4-21 

Seventy-six percent of the patients with pulmonary 
edema had no prior history of chest pain, although 68% 
of those catheterized had significant underlying CAD. 
This suggests that pulmonary edema may be | mani- 
festation of silent ischemia. Diagnostic catheterization 
in addition to noninvasive studies that elucidate ventric- 
ular function and valve disorders should be considered 
in this population. 

Patients with pulmonary edema were older than 
those with chest pain. The absence of angina may be 
due to a decline in physical activity or an increase in the 
anginal threshold with aging.2* Although symptoms 
may change in the elderly, both the cumulative risks of 
CAD and the mortality associated with pulmonary ede- 
ma increase with age, LJ The operative risk for heart 
surgery increases in patients aged >70 years, but it 
must be weighed against the predicted poor outcome 
with conservative management. 

In this study, a large proportion of black patients 
(60%) underwent cardiac catheterization. In the Coro- 
nary Artery Surgery Study (CASS)? blacks consti- 
tuted only 2.4% of the study population. The CASS 
investigators reported that white patients had more se- 
vere CAD despite more cardiovascular risk factors in 


Acute Pulmonary Edema:Time of Hospital Presentation (n = 89) 
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FIGURE 2. Admission to the emergency 
room for patients with pulmonary edema 
by hour of the day. mn = midnight. 
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black patients.” In contrast, we found no difference be- 
tween black and white patients with regard to cardio- 
vascular risk factors or the results of cardiac catheter- 
ization (Figure 1, Table HI). 

Finally, we reviewed the time of admission to the 
emergency room for patients with pulmonary edema to 
see if there was a circadian variation in presentation. 
Patients arrived in the emergency room throughout the 
24-hour day. There was a trend toward more admis- 
sions during the late morning (1000 to 1300 hours), 
late afternoon (1500 to 1800 hours), and nighttime 
(2200 to 0100 hours), but there were too few patients 
in each time period for meaningful statistical compari- 
son. Other investigators have reported an increase in 
morning events in patients with ischemia2*+*> and sud- 
den cardiac death 28 More episodes of silent myocardial 
ischemia,2” pain at rest, 5 myocardial infarction,?? and 
ventricular tachycardia?° have been seen in late after- 
noon. Pulmonary edema in the late evening may arise 
for several reasons. First, ischemia may worsen or the 
ischemic threshold may decrease at night.?°3!32 Sec- 
ond, the serum level of morning medications may de- 
cline. Third, fluid retained during daytime activity may 
redistribute centrally. Finally, patients performing shift 
work may have altered circadian rhythms (none of our 
patients worked during the night shift). The contribu- 
tion of each of these factors cannot be determined in 
this study, but would be interesting to pursue in a fu- 
ture investigation. 

One limitation of this study is that demographic fac- 
tors may have influenced our results. Cardiac catheter- 
ization may be recommended more often for younger 
individuals and for those with classic anginal symp- 
toms. The Medical College of Virginia is both a pri- 
mary city hospital and a tertiary referral institution. 
The population with pulmonary edema may be more 
representative of local city inhabitants who use the hos- 
pital as their primary source of medical care. Converse- 
ly, more of the patients with chest pain had typical 
ischemic symptoms, prompting their referral for inva- 
sive procedures. 

Conclusion: This study demonstrates a high inci- 
dence of significant cardiac abnormalities in patients 
with pulmonary edema who undergo cardiac catheter- 
ization. Despite infrequent history of typical angina, 48 
patients (68%) who underwent catheterization had sig- 
nificant CAD. Optimal management of patients pre- 
senting with pulmonary edema requires identification of 
precipitating factors. Future studies will be needed to 
assess the outcome of more aggressive diagnostic and 
revascularization efforts in this population. 
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Significance of Signal-Averaged P-Wave Changes 
During Exercise in Patients with Coronary 
Artery Disease and Correlation with 
Angiographic Findings 


Michael M. Myrianthefs, MD, Myrvin H. Ellestad, MD, Ronald H. Startt-Selvester, MD, 
and Randy Crump 


The maximal P-wave duration in all time-aligned 
leads, and the maximal P-wave amplitude in 
leads Ve and Ve were measured on a 12-lead, 
signal-averaged electrocardiogram during the re- 
covery period of an exercise stress test (EST). 
The study group consisted of 75 patients with 
coronary artery disease (CAD) documented by 
>50% diameter stenosis in 1 or more arteries 
and a control group of 47 subjects, 15 of them 
young volunteers and 32 with no or minimal cor- 
onary atherosclerosis and normal left ventricular 
function. All subjects underwent a symptom lim- 
ited EST, with use of the Ellestad protocol. Sig- 
nal-averaged P waves recorded before exercise, 
and for the first 6 minutes in recovery were mea- 
sured using a 5X magnifier. The mean P dura- 
tion before exercise in the control group was 
107 + 16 ms (+ í standard deviation) and 111 
+ 15 ms at the third minute of recovery, (p 
<0.001). In patients with CAD it was 112 + 12 
and 129 + 19 ms (+ 1 standard deviation), p 
<0.001, respectively. Differences in P-wave du- 
ration were found to be statistically significant (p 
<0.001) throughout recovery in the group with 
CAD when compared with control and maximal 
values at the third minute. The increase in P- 
wave duration (>20 ms) was used as an addi- 
tional parameter to exercise-induced ST-seg- 
ment depression, ST elevation, or anginal pain 
for the test interpretation. The sensitivity in- 
creased from 57 to 75% and the specificity de- 
creased from 85 to 77%. It is concluded that the 
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measurement of the P-wave duration during re- 
covery adds diagnostic power during EST, 
(Am J Cardiol 1991:68:1619-—-1624) 


lished as one of the most widely utilized tests in 

clinical cardiology.! Electrocardiographic vari- 
ables in response to an EST such as ST segment, R- 
wave amplitude? or clinical indexes, i.e., anginal pain, 
heart rate and blood pressure responses*-’ were used to 
improve the diagnostic power of the EST. Sophisticated 
techniques, such as multivariate analysis® and calcula- 
tion of ST /heart rate slope? have also been proven to be 
of value for more accurate diagnosis. 

Investigators have identified changes in P-wave du- 
ration and amplitude in standard leads and in V; in 
patients with valvular heart disease,!° hypertension,!! 
acute myocardial infarction!* or chronic stable angi- 
na.!3 An increase in P-wave amplitude in normal sub- 
jects during exercise,'* and an increase in P-wave dura- 
tion was reported in patients with acute pulmonary ede- 
ma which subsided on its resolution.!> A recent study 
showed an increase in left atrial pressure and volume, 
with temporary occlusion of the left anterior descending 
coronary artery during angioplasty.!° In normal sub- 
jects, during exercise, left atrial size also increased, as 
measured by M-mode echocardiography, but recovered 
rapidly after the cessation of exercise.!’ During exer- 
cise-induced myocardial ischemia indicated by chest 
pain, left ventricular end-diastolic and left atrial pres- 
sures increased.!8:19 This retrospective study was under- 
taken to determine whether P-wave changes during 
acute ischemic left ventricular dysfunction with EST 
would be of diagnostic value. 


T he exercise stress test CEST) has become estab- 


METHODS 

We reviewed a grab sample of 167 angiograms and 
ESTs retrieved from a larger number of subjects who 
were studied at the Long Beach Memorial Heart Insti- 
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TABLE I| Dew graphics of Control and Coronary Artery Disease 
Groups 


Number o -bjects 75 47 
Men/worren 55/20 31/16 
Age (years 37-79 (64) 21-73 (51) 
Normal re.€ mg ECG 44 44 
Previous N 25 Q 
inferior epcsterior}) 9 
Anteros 2srior 13 
PosteroEr eral 3 
Left ventricc Br 
hypert chy 5 
Right buncle 
branck -aeck l 


CAD = corone artery disease; ECG = elecirocardiogram; MI = myocardial 
infarction. 





tute during 1988 to 1990. Prerequisites for enrollment 
were: (1) the completion of a symptom-limited EST; 
(2) signal-avezaged electrocardiogram (ECG) recorded 
before, dure and after exercise, and the presence of 
sinus rhythrr: (3) no evidence of chronic obstructive 
pulmonary cease or cardiomyopathy; (4) angiography 
performed vw thin a period of 5 months with no inter- 
vening cororary events (acute myocardial infarction or 
unstable ans aal Of this cohort, 19 subjects were ex- 
cluded beca&e of a noisy electrocardiographic record- 
ing, 14 beceuse of previous coronary artery bypass 
grafting, 21 with previous angioplasty, 1 who developed 
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ventricular tachycardia, and 1 with a thrombus in the 
left anterior descending coronary artery. The final 
study group consisted of 75 patients with coronary ar- 
tery disease (CAD), and a control group of 47 normal 
subjects (Table I). An abnormal coronary angiogram 
was defined as having a stenosis of =50% in diameter 
in 1 or more of the main arteries, i.e., left anterior de- 
scending or its first diagonal branch, left circumflex ar- 
tery or its obtuse marginal, right coronary artery or the 
posterior descending artery. Of the control group, 32 
had minimal or no atherosclerosis at coronary angiog- 
raphy (<30% diameter stenosis in no more than 2 
arteries), normal hemodynamics and normal global left 
ventricular wall motion in the right anterior oblique 
view of the contrast ventriculogram. The remaining 15 
volunteers of the control group had no coronary risk 
factors, were free of cardiac symptoms and had normal 
physical findings. All subjects underwent a symptom- 
limited treadmill EST with the Ellestad protocol on a 
Marquette case 12 system. The 12-lead ECG was re- 
corded with the Mason-Likar lead system before and 
during exercise, and for the first 6 minutes of recovery. 
We measured the maximal P duration in all leads of 
the signal-averaged, time-aligned ECG and the maxi- 
mal P amplitude in leads V5 and Ve, using a 5X mag- 
nifier. We identified the earliest onset and the latest 
offset of P waves in limb and precordial lead sets, and 
the longest measured P duration in either set was taken 
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first, third and sixth minute in 
recovery (leads aVR, aVL and 
aVF are not shown in the fig- 
ure). Total atrial activation time 
was measured by identifying the 
earliest P-wave onset and latest 
offset in any lead in the set. This 
was done also in the precordial 
lead set, and the longest mea- 
sured P-wave duration in either 
set was taken as the final dura- 
tion for that time period. HR = 
heart rate. 


as the final P duration for that period (Figure 1). The 
PR segment was used as the isoelectric line. All dura- 
tions were measured to the nearest 5 ms and ampli- 
tudes to the nearest 10 nV. All continuous variables are 
expressed as mean + 1 standard deviation (SD). Statis- 
tical analvsis was performed using Student’s ¢ test. An 
EST was consider abnormal when anginal pain devel- 
oped during exercise cr ST-segment depression or ele- 
vation 21 mm 80 ms after J point appeared; an EST 
was considered normal when neither of these changes 
were present, and equivocal when the ST segment devi- 
ated during exercise >0.5 mm and <1 mm. Sensitivity 
and specificity were calculated, respectively, as: 


true positives 


(tout EE EE 
Sensitivity true positives + false negatives 100, 
SEN true negatives 100 
Deeler true negatives + false positives E 
RESULTS 


The mean P amplitude before exercise in the control 
group was 99 + 19 nV (+ 1 SD), and was 157 + 33, 
136 + 33, 126 + 32, 118 4 27, 113 + 21, 110 4 22 
pV at the first, second, third, fourth, fifth and sixth 
minute of recovery, respectively. The difference in P 
amplitude before and after exercise was statistically sig- 


FIGURE 2. P-wave amplitude plot- 
ted during recovery in controli and 

artery disease (CAD) 
groups. Brackets indicate + 1 stan- 
dard deviation. Differences between 
rest and all 6 minutes after exercise 
were significant (p <0.001) for both 
groups. Differences between control 
and CAD groups were not signifi- 
cant at rest or at any minute in re- 
covery. 
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nificant (p <0,001) at each minute of recovery. In pa- 
tients with CAD, it was 98 + 19 uV (+ 1 SD), and 
146 + 36, 136 + 35, 128 + 31, 123 + 30, 116 + 28 
and 113 + 28 uV (p <0.001), respectively. The differ- 
ences between control and CAD groups befcre exercise 
and at each minute of recovery were not statistically 
significant (Figure 2). The mean P duration before ex- 
ercise in the control group was 107 + 16 ns, at the 
first, second, third, fourth, fifth and sixth minute of re- 
covery it was 112 + 17, 111 + 16, 111 + 14, 112 + 
13, 109 + 13 and 109 + 12, respectively Ir, <0.001). 
In the group with CAD it was 112 + 12 ms 7+ 1 SD), 
and 125 + 21, 126 + 17, 129 + 18, 128 + 18, 1264 
17 and 123 + 16 (p <0.001), respectively. ` be differ- 
ences between control and CAD groups were statisti- 
cally significant throughout recovery (p <0 001), and 
were found to be maximal at the third minut of recov- 
ery (Figure 3), Sensitivity and specificity werz calculat- 
ed using the conventional criteria for EST nterpreta- 
tion (Tables II and III). They were also calculated for 
an increase in P duration =5 and 220 ms from data at 
the second minute, alone and in combinatioa with the 
above-mentioned standard criteria. This time was cho- 
sen because individual changes in P duration yielded 
the most significant results. By using P duration delta 
> 20 ms as an additional parameter to the conventional 
criteria, the sensitivity increased from 57 to 75%, with a 
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Recovery (minutes) 
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concomitant szali decrease in specificity of 85 to 77%. past, using ST criteria, sensitivities of 50 to 78%, and 
We also applix the same criteria in the subgroup with specificities of 80 to 90% have been reported.”°.2! It has 
3-vessel disease (Table III). been shown that sensitivity can be increased by apply- 
ing <1 mm of ST depression, but always at the expense 
DISCUSSION of specificity.22 Specificity can also be increased by re- 
The improvement of the diagnostic power of the quiring depression of >1 mm, but at the expense of 
EST has beer =n attractive goal for many years. In the ` sensitivity. 
The latter portion of the P wave represents the left 
atrial depolarization. As the left atrium enlarges, the 
duration of the terminal, posterior and leftward compo- 


TABLE ii CalcJation of Sensitivity and Specificity by Applying 
Various Diagnc=t c Criteria in Coronary Artery Disease and 
Control Groups a: the Second Minute in Recovery 


Exercise Stress Test Result 
TABLE Hl Calculatior of Sensitivity and Specificity by Applying 
Various Diagnostic Crizeria in the Subgroup with Three-Vessel 


Control CAD 
a Disease {n = 20) 


Diagnostic Sen.* Spec.* 


Criteria Nor. Abn. Eq. Nor. Abn. Eq. (%) (Gi 


Exercise Stress Test Result 
ST) >21 mmo: 34 


ST tf >21 mr er 
anginal pain 


Pdur delta > 5 me 24 


ST | =lmmor 23 
ST tf 2l mm et 
anginal pain ot >dur 
delta >5 ms 

Pdur delta 220 ~rs 30 


ST} >1mmo 32 
ST tf >imm=> 


Diagnostic Sen. 
Criteria Nor. Abn. (%) 


ST | =lmmorST ft 
> 1 mm or anginal pain 


Pdur delta > 5 ms 


ST | =lmmorstT ¢t 
> 1mm or anginal pain 
or Pdur delta >5 ms 


anginal pain oc “dur 
delta > 20 ms 
*For sensitivity a.c specificity calculations, equivocal tests were included as 


negative. 
Abn. = abnorma; AD = coronary artery disease group; Eq. = equivocal; Nor. = 


Pdur delta >20 ms 


ST | =1lmmorS5T ft 
> 1mm or anginal pain 
or Pdur delta 2:20 ms 


normal; Pdur delta =iacrease in P-wave duration from rest; Sen. = sensitivity; Spec. 
= specificity; | = cecxression; f = elevation. 





FIGURE 3. P-wave duration plotted 
during recovery in contro! and coro- 
nary artery disease (CAD) groups. 
Brackets indicate + 1 standard de- 
viation. Differences between the 2 
groups are not statistically signifi- 
cant during rest but are statistically 
significant during all 6 minutes af- 
ter exercise (p <0.001), 


Duration (msec) 


2 3 4 


Recovery (minutes) 
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FIGURE 4. Examples of U- and P-wave overlap (upper panel), 
and T- and P-wave overlap (bottom panel) from different sub- 
jects are seen, as well as the corresponding signal-averaged 
beats (right column) in recovery. 








-~ 





nent of the P wave is increased, resulting in P-wave 
prolongation.23:24 

Our hypothesis is that exercise-induced left ventric- 
ular ischemia impacts the left atrial component of the P 
wave due to transient left ventricular diastolic dysfunc- 
tion, increased left ventricular filling pressure, and in- 
creased mean left atrial pressure and volume, which 
lengthens total left atrial activation time. Yokota Y et 
al?5 reported an increase in P-wave duration after exer- 
cise in patients with mitral stenosis, hypertension or old 
myocardial infarction, whereas Yokota M et ap stud- 
ied the exercise-induced orthogonal P-wave changes 
and found a statistically significant increase in the max- 
imal horizontal P-vector magnitude 30 seconds after 
exercise in patients with CAD when compared with 
normal subjects. In the present study P-wave duration 
was found significantly prolonged even at the sixth min- 
ute in recovery. This finding is explained by the obser- 
vation that left ventricular diastolic function is impaired 
early in ischemia and is slow to recover.2’ 

Study limitations: The problems encountered in 
measuring P-wave duration during early recovery were: 
T- and P-wave overlap that happened in most control 
subjects and patients, resulting in foreshortening of the 
P wave to a similar proportion in both groups; U- and 
P-wave overlap was also a frequent occurrence during 
early recovery, having the same result (Figure 4, Table 
IV). Froning and Froelicher?® reported a detailed anal- 
ysis of this problem. The P-wave onset was occasionally 
obscured by the computer algorithm at higher heart 
rates in subjects with longer PR intervals. This was due 
to a shorter recording window before the QRS that rep- 
resents 24 of the RR interval. Because of the longer 
window after QRS representing % of RR interval, the 
first 1⁄4 of the next cycle including the next P onset was 
reproduced. The signal-averaged ECG provides im- 





TABLE IV Varieties of Potential Interference with P-Wave 


Measurements at Different Times During Recovery 


CAD {n = 57) 


23 (40%) 

11 (19%) 
8 (14%) 
0 (0%) 
4 (7%) 


Control (n = 36) 


27 (75%) 
11 (30%) 
9 (25%) 
1 (2%) 
3 (8%) 


Gverlap 


T-P (ist min) 
T-P (2nd min) 
T-P (3rd min) 
T-P (4th min) 
U-P (1st min) 
U-P (2nd min) 0 (0%) 5 (13%) 
U-P (3rd min) 0 (0%) 2 (5%) 


CAD = coronary artery disease group; P = P wave; T = T wave; U = U wave. 


proved signal to noise ratio, but the manual measure- 
ment of the P wave is quite tedious, time consuming 
and requires considerable magnification. It is likely that 
computer identification of P-wave onset and offset in 
the multilead spatial vector magnitude would be more 
reliable and would enhance the practical application of 
this method. 

We believe that measuring P-wave duration pro- 
vides information related to exercised-induced ischemic 
left ventricular diastolic dysfunction. Increase in P- 
wave duration found in recovery combined with the 
standard variables for EST interpretation, holds prom- 
ise of increasing diagnostic power. If confirmed by 
more extensive experience, P-wave duration may add to 
our ability to identify ischemia with exercise. 
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Assessment of Medial Thinning in 
Atherosclerosis by Intravascular Ultrasound 
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Robert J. van Suylen, MD, Frans C. van Egmond, Charles T. Lancée, 
Hero van Urk, MD, Jos R.T.C. Roelandt, MD, Theo Stijnen, 
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This study investigated the in vitro (40 MHz) and 


in vivo (30 MHz) feasibility of intravascular ul- 
trasound to document the influence of athero- 
sclerotic lesions on the typical 3-layered appear- 
ance of muscular arteries. l 

The in vitro images of 39 arteries were com- 
pared with the corresponding histologic sections. 
Media and lesion thickness were measured at 
the areas of minimal and maximal lesion thick- 
ness. The median media thickness was 0.8 mm 
in the absence of a lesion, decreasing to 0.3 mm 
in the area of maximal atherosclerosis. The ul- 
trasenic data correlated closely with histologic 
measurements (0.6 and 0.3 mm, respectively). 

The in vivo study was performed in 29 pa- 
tients undergoing coronary or peripheral vascu- 
far procedures. A total of 150 still-frames were 
selected for quantitative analysis. The median 
media thickness was 0.6 mm in the absence of a 
lesion, decreasing to 0.1 mm in the area with 
maximal atherosclerosis. This study revealed 
that intravascular ultrasound imaging accurately 
determines that media thickness of muscular 
arteries is inversely related to lesion thickness. 
In vitro data, verified with histology, can be 
translated to humans in vivo. 

(Am J Cardiol 1991:68:1625-—1632) 
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cular ultrasound, has had the capacity to pro- 
vide qualitative!~> as well as quantitative®!* 

assessment of arterial morphology and dimensions. 
With intravascular ultrasound, encouraging data have 
been obtained in vitro to differentiate elastic from mus- 
cular arteries, and to distinguish between the various 
components of atherosclerotic lesions.’*:!3.14 

Intravascular ultrasonic in vitro studies have indicat- 
ed that lesion location and thickness can accurately be 
determined in the presence of a visible landmark deter- 
mined by a hypoechoic media in a muscular artera 9 
An atherosclerotic lesion may obscure this medial refer- 
ence band due to ultrasound attenuation, especially in 
advanced stages when fibrosis and calctum are present. 
Furthermore, histologic studies have shown that athero- 
sclerosis affects the media and, in advanced stages, may 
obliterate the media entirely.!>-!8 

The aim of this study was to evaluate the potential 
of intravascular ultrasound to provide quantitative data 
in vitro for assessing the effect of atherosclerosis on the 
arterial media of muscular arteries, to compare these 
data with those from corresponding histologic sections, 
and with in vivo data from normal and diseased human 
peripheral arteries. 


A new imaging method, catheter-based intravas- 


METHODS 

intravascular ultrasound: In a laboratory set-up, a 1 
mm diameter, 40 MHz, mechanically rotated, single- 
element transducer mounted on an 8Fr catheter was 
used for in vitro studies. For in vivo study, a 5Fr me- 
chanically motor-driven, rotating imaging catheter was 
used with a 1 mm diameter, 30 MHz transducer. The 
axial resolution of the 40 and 30 MHz systems was 75 
and 80 ym, respectively; the lateral resolution was bet- 
ter than 200 and 225 ym, respectively, at a depth of 1 
mm (Du-Med, Rotterdam, the Netherlands). The im- 
ages were displayed on a monitor by means of a video- 
scanned memory of 512 X 512 pixels with 256 shades 
of gray. Markers were displayed for calibration pur- 
poses. For review and analysis the ultrasound images 
were recorded on VHS videotape together with calibra- 
tion markers. 
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Human scecimens: Intravascular ultrasound was 
evaluated in human vascular specimens of muscular 
nature obtaired 2 to 14 hours after death. They include 
coronary, iliax, femoral, popliteal, mesenteric and renal 
artery. The d=tails of processing the specimens, echo- 
graphic imagmrg and histologic preparation have been 
described preAously.*’ For each vascular specimen 
studied, 1 histclogic cross-section with the most signifi- 
cant lesion th.ckness was selected and compared with 
the corresponcing ultrasonic cross-section. Photographs 
were obtained of the ultrasonic images and histologic 
sections (the latter together with a 1 mm calibrator). 


Patient studies: Seven patients undergoing diagnos- 
tic cardiac catheterization and 22 patients undergoing 
balloon angioplasty of the superficial femoral artery 
were studied after signing an informed consent. An in- 
troducer sheath was placed into the femoral artery for 
diagnostic catheterization and intervention. In 3 pa- 
tients in whom the superficial femoral artery was total- 
ly occluded, laser therapy was performed (Nd-YAG, 
Medilas — 2, Messerschmidt Bölken Bléhm) to create 
a lumen accessible for the intravascular ultrasound 
study. The intravascular ultrasound catheter was ad- 
vanced through the sheath in a retrograde manner into 
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FIGURE 1. Ultscsonic cross-section obtained in vitro (40 MHz) from a renal artery together with photomicrographs of the corre- 
sponding histolaeic cross-section. The media of this muscular artery, mainly composed of smocth muscle cells, appears charac- 
teristically hype«choic on ultrasound. Bright echoes of the internal elastic lamina Gef) and adventitia (a) circumscribe the hypo- 
echoic media. ke lesion is noted echographically at 7 o'clock. Diffuse intimal thickening, most prominent at 2 o'clock (asterisk), 


is lying in a shabew pouch of the media. Media thickness is influenced by the presence of the lesion (arrow heads). Lower panel 


details the charges caused by the lesion to the histologic architecture of the arterial media (asterisk). An insignificant lesion cor- 
responded with a corrugated internal elastic lamina (left panel); a significant lesion was associated with a stretched internal 
elastic lamina (-ht panel), Echographically, both structures were equally bright (compare 7 and 2 o'clock). (Verhoeff van Gie- 
son stain [calibration 1 mm], magnification: fop, X16; bottom, X90.) 
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the iliac artery (n = 7) and in an anterograde manner 
into the femoral artery (n = 22). Continuous record- 
ings were obtained at different sites of the arterial sys- 
tem before diagnostic catheterization and intervention. 
A total of 150 representative still-frames were selected 
and photographed for quantitative analysis. 
Quantitative analysis: From the in vitro cross-sec- 
tional ultrasonic images the media and lesion thick- 
nesses were measured independently by 2 observers at 2 
sites: where lesion thickness was minimal and maximal 
(Figures 1 to 4), Linear regression analysis was applied 
to establish the correlation between ultrasonic and his- 
tologic measurements on both maximal lesion and me- 
dia thicknesses (Figure 5). Wilcoxon’s signed rank test 
was used to determine interobserver compatibility. 
For the in-vitro study, histologic measurements were 
obtained independently from the echographic cross-sec- 


tions and were used as the reference standard. A lesion 
was defined as present when seen superimposed on the 
hypoechoic media (20.1 mm). Lesion thickness was 
calculated as the perpendicular distance between the le- 
sion surface, i.e., intimal leading edge and the leading 
edge of the internal elastic lamina. The corresponding 
media thickness was calculated as the distance between 
the leading edge of the internal elastic lamina and the 
leading edge of the adventitia (Figure 1). In the ab- 
sence of a distinct internal elastic lamina the junction 
lesion versus hypoechoic media was used (Figure 2). In 
the presence of calcification, the media could not be 
envisioned because of ultrasonic shadowing. These re- 
gions were excluded for comparison. Instead the area 
showing a measurable maximal lesion thickness was 
chosen (Figure 2). In the ultrasound images where le- 
sion could not be acoustically separated from the un- 





o'clock. Media thickness was measured at 10 o'clock. Distinct medial thinning in the presence of an atherosclerotic lesion is seen 
at 3 o'clock. Note that caicium seen at 11 o'clock is casting ultrasonic shadowing. The hypeechoic region inside the lesion at 2 
o'clock (arrow) corresponds with lipid. Calibration 1 mm. (Verhoeff van Gieson stain, magnification <7.) 
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FIGURE 3. Ultrasonic cre 








ss-section obtained in vitro (40 MHz) together with the corresponding photomicrograph of the histo- 


logic cross-section obtained from a mesenteric superior artery. Bright echoes of internal elastic lamina and adventitia circum- 
scribe the hypoecheic media. A distinct media was observed echographically in the absence of a lesion (at 10 o'clock). In the 
presence of an extensive lesion (asterisk) the media becomes invisible echographicaily. The corresponding histology reveals ab- 
sence of the media in this region. (Verhoeff van Gieson stain [calibration 1 mm], magnification x6.) 
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derlying medaa, the media thickness was classified as 
absent (Figures 3 and 4). In the presence of a fibrous 
lesion with 3<fficient collagen casting a shadow, the 
maximal meesurable lesion was calculated with ultra- 
sound, and Ce corresponding invisible media was clas- 
sified as absent. Similar to the in vitro quantification 
study, media and lesion thicknesses in vivo were mea- 
sured at the tes where lesion thickness was minimal 
and maxima. «Figures 6 to 8). 

To establh the correlation between the media and 
lesion thickresses, the difference in media thickness 
measured at 2e sites of minimal and maximal lesion 
thickness we-e evaluated by means of the sign test.!9 


RESULTS 
In vitro studies: Ultrasound and histologic examina- 
tion in vitro revealed no lesion in 3 cross-sections, a 


egia” ’ 
FIGURE 4. Intrawascular ultrasound 


concentric lesian in 3 other specimens and an eccentric 
lesion in 33 specimens. Evidence of calcium noted echo- 
graphically in 11 cross-sections was confirmed histolog- 
ically. 

Linear regression analysis between intravascular ul- 
trasound and histologic measurements for maximal le- 
sion and media thicknesses showed each a correlation 
coefficient of r = 0.83 (p <0.00001 in both cases) (Fig- 
ure 5). 

There was good agreement between the 2 observers, 
with no significant difference in measurements of me- 
dia and lesion thickness (p >0.10 in all cases). The 
correlation coefficients between the measurements of 
the 2 observers varied from r = 0.73 to r = 0.97. 

With use of the sign test, correlation was significant- 
ly negative (p <0.00001 in all cases) for both observers 
and for echographic and histologic measurements (Fig- 





tologic cross-se-tion. The lesion-free arterial wall showing a distinct media is seen between 4 and 9 o’clock. On the opposite side 


a large atherosderotic lesion is present (arrow). Clear imaging of the remote tissues was not possible with ultrasound, probably 
due to the colleg2n present in this lesion. The hypoechoic region at 3 o’clock (asterisk) is due to a dissection. Arrowheads indi- 
cate the maxima lesion thickness measured echographically. (Verhoeff van Gieson stain [calibration 1 mm], magnification <6.) 
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FIGURE 5. Linger regression analysis between intravascular ultrasound and histology for maximal (MAX.) lesion thickness (A) 
and maximal media thickness (B) in millimeters. 
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ure 9). Because distribution of the data was rather 
skewed, the location of a distribution was characterized 
by the median and the variability by the interquartile 
range. Table I lists the parameters, median, range and 
interquartile range. A decrease in median media thick- 
ness (0.8 to 0.3 mm) is inversely proportional to an 
increase in median lesion thickness (0.0 to 1.0 mm) 
measured at the same location. Measurements from the 
histologic cross-sections were concordant (Table I, Fig- 
ure 9). 

In the ultrasound images where lesion could not be 
acoustically separated from the underlying media (n = 
10), corresponding histology revealed a fibrotic lesion 
and a media thickness of 0.0 mm in 4, 0.1 mm in 3 and 
0.2 mm in 3 specimens, respectively. 

In vivo studies: In all patients, intravascular ultra- 
sound studies provided high resolution real-time, cross- 
sectional images. There were no complications caused 
by the ultrasound study. The presence of a hypoechoic 
layer, giving a characteristic 3-layered appearance of 
both iliac and superficial femoral arteries, was defined 
in all instances. From the in vitro information, we con- 
clude that the hypoechoic vascular layer corresponds 
with the media of a muscular artery. In the iliac artery, 
normal vascular morphology without evidence of a su- 
perimposed lesion was found. In the superficial femoral 
artery normal segments as well as cross-sections with 
nonobstructive and obstructive lesions were envisioned 
(Figures 6 to 8). In 21 still-frames, ultrasound shadow- 
ing was noted beyond the area of a lesion that may 
have contained calcium. 

Quantitative measurements in vivo (derived from 
150 still-frames) showed that in the absence of a lesion, 
median value of media thickness was 0.6 mm. In the 
presence of an atherosclerotic lesion, the media was 
reduced in thickness to a median value of 0.1 mm 
(Table I). 
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FIGURE 6. Ultrasonic cross-section obtained in vivo (30 MHz) 
representing a normal femoral artery. The 3-layered appear- 
ance of the arterial wall is similar to that seen in the in vitro 
study (compare Figures 1 and 4). Media thickness is indicated 
by arrows. Echogenicity of blood is seen within the arterial lu- 
men (calibration 1 mm). 


DISCUSSION 

The results of this study support the hypothesis that 
intravascular ultrasound is able to evaluate the manner 
in which the media of a muscular type of artery is af- 
fected by atherosclerosis. The hypoechoic media was 
always typically seen adjacent to the bright adventitia, 
whereas hypoechoic zones due to lipid deposits or dis- 
section were typically present inside or near a lesion 
(Figures 2 and 4). 

Definite medial thinning was noted in vitro in undis- 
tended vessels and in vivo in vessels under pressure. 
Media thickness measured echographically and histo- 
logically decreased 60 and 50%, respectively, in dis- 
eased segments compared with disease-free wall seg- 
ments of the same vessel. Although a few observations 
in this study showed discordant measurements, the 
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FIGURE 7. Ultrasonic cross-sections obtained in vivo (30 MHz) in a patient undergoing balloon angioplasty of the superficial 
femoral artery. The cross-sections (A fo C) are taken from 3 different levels in the femoral artery and are arranged proximal to 


~ distal. A, proximally the lumen is not obstructed. There is evidence of diffuse intimal thickening (asferisk). The dark layer corre- 


sponds with the hypcechoic media (bold arrow). B, more distally the lesion (asterisk) is seen to expand progressively, resulting 
in conspicuous medial thinning at 3 o’clock (arrowheads). C, finally the ultrasound catheter images the atherosclerotic lesion 
(asterisk) casting a shadow at 1 o’clock. Between 1 and 4 o'clock the lesion prevents visualization of the media. Media is visible 
between 5 and 1 o'clock (bold arrow). At 11 o'clock a vein is noted (calibration 1 mm). 
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FIGURE 8. Ufsasonic cross-sections and corresponding dia- 
gram obtained. a vivo (30 MHz) from a patient with obstruc- 
tive disease of me superficial femoral artery. A, proximally 
the lumen is se<1 completely filled with a lesion. Real-time im- 
ages revealed me normal movement of blood in this cross-sec- 
tion. The dark Eyer (bold arrow) corresponds with the media. 
B, at the level ci stenosis the medial layer (bold arrow) is visi- 
bie only between 7 and 11 o'clock, indicating an eccentric le- 
sion. C, more daily a normal vessel geometry with a hypo- 
echoic media isidentified in which blood flow was recognized 
(calibration 1 esu, 
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overall evaluation revealed an inverse relation between 
the lesion and media thickness (Figure 9). 

The frequency of the 2 echographic systems used 
for the in vitro (40 MHz) and in vivo (30 MHz) stud- 
ies differed by one-third octave; their axial resolution 
was comparable. Comparison of mean data of media 
thickness measured with ultrasound in vitro (0.8 mm) 
and in vivo (0.6 mm) at the site of a minimal lesion 
showed a difference of 0.2 mm (25%) (Table I). We 
believe that this difference is due to the influence of 
blood pressure. The observation is further validated by 
recent in vitro work at our laboratory indicating that 
pressure reduced arterial wall thickness to one-third of 
its unpressurized state (unpublished observations). Fur- 
thermore, no significant difference was found in media 
thickness when calculated from diastolic and systolic 
still frames, suggesting that blocd pressure had no nota- 
ble influence on media thickness during the cardiac cy- 
cle itself. 

Our data on decrease in media thickness correlated 
closely with that of other histologic studies (60 and 
55%, respectively) on diseased coronary arteries.!®-!8 
This supports the contention that medial thinning is an 
essential part of atherosclerosis.'© The lesion, seen lying 
in a shallow pouch of the media, may lead to medial 
thinning and, consequently, to an increase in internal 
elastic lamina area. Thus, the artery may enlarge as a 
result of a developing lesion on the underlying wall 2 
Intravascular ultrasound imaging has the unique poten- 
tial to document the positive relation between arterial 
size and the degree of atherosclerosis.?! 

Furthermore, we observed that media thickness is 
inversely related to the extent of atherosclerosis. In vitro 
data revealed that minor lesions, histologically classified 
as diffuse intimal thickening,?+?> were associated with 
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FIGURE 9. Sigm test: graphs showing ultrasonic and histologic measurements of matched lesion and media thickness measured 
in millimeters a-the minimal and maximal lesion sites, interconnected. Each segment is represented by a specific symbol to con- 
nect the media -aickness at the sites of minimal and maximal lesion thickness. Corresponding symbols in echo and histology rep- ~~ 


resent the sams segment. 
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TABLE I Media and Lesion Thickness (median value, interquartile range and range) Determined In Vitro (n = 39) and In Vivo 
(n = 150) Using Intravascular Ultrasound in the Area with Minimal and Maximal Lesion Thickness 


In Vitro Echo 


IR 


(0.0-0.1) 
(0.6-0.9) 
Maxımal lesion (0.6-1.5) 
Media (0.0-0.5) 


All parameters are expressed in millimeters. 
IR = interquartile range; M = median value; R = range. 


(0.0-0.6) 
(0.0-1.3) 
(0.1—2.5) 
(0.0-1.0) 


Minimal lesion 
Media 


some degree of medial thinning. Histologically classi- 
fied atherosclerotic lesions were associated with signifi- 
cant medial thinning. Because of calcium in the athero- 
sclerotic lesion, the maximal region of the lesion could 
not be identified echographically. This occurred echo- 
graphically in 11 cross-sections and corresponding his- 
tology confirmed the presence of calcium. However, the 
presence of calcium itself is an indication that the lesion 
represents a more advanced stage of the disease.?2?3 
This is of major clinical importance for in vivo interpre- 
tation using intravascular ultrasound. A distinct 3-lay- 
ered appearance was observed in vivo in the iliac and 
femoral artery. Distinct medial thinning was seen in the 
presence of atherosclerosis. Similarly, ultrasound shad- 
owing was noted in vivo (in 21 cross-sections) beyond 
the area of a lesion that may have contained calcium. 
Conversely, despite a large lesion filling the entire lu- 
men area of a femoral artery in 6 patients, medial thin- 
ning had not occurred. The lesion was located proximal 
to the atherosclerotic lesion in the same vessel (Figure 
8). We assumed that the structure presented a young 
rather than an old atherosclerotic lesion, since visualiza- 
tion of the medial layer was not hampered. This as- 
sumption is further validated by the fact that histologic 
study by atherectomy in 2 of these patients revealed 
thrombus. Thus, the underlying media thickness may 
be a helpful guide- during in vivo studies to determine 
the nature of the lesion. 

Limitations of intravascular ultrasound: With re- 
gard to the frequency used for the in vitro studies (40 
MHz), the medial layer may be better visualized in the 
presence of a large fibrous lesion with a transducer of 
lower frequency. In this study, the media was echogra- 
phically deemed absent in 6 cross-sections, whereas his- 
tologic examination revealed a media thickness of 0.1 
and 0.2 mm, respectively. 

The noncoaxial positioning as well as the eccentric 
location of the catheter may influence the precision of 
the medial measurement. In the in vitro studies, care 
was taken to avoid eccentricity and misalignment of the 
~catheter. To overcome this problem in the in vivo set- 
ting, a large number of still-frames were evaluated. 
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In Vivo Echo 


IR 


(0.0—0.0) 
(0.4-0.7) 
(1.0-2.0) 
(0.0-0.4) 


(0.0-1.5) 
(0.1—-0.9) 
{1.0-2.0} 
{0.0—0.9) 


(0.0~0.1) 
(0.4-0.8) 
(0.4—1.9) 
(0.1-0.4) 


(0.0-0.4) 
(0.1-1.1) 
(0.2--2.9) 
(0.1-0.8) 
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Coronary Hemodynamics and Coronary Flow 
Reserve After Intracoronary Diltiazem in Humans 


Matty C. Vrolix, MD, Dimitris Sionis, MD, Jan H. Piessens, MD, 
Johan Van Lierde, MD, Jos L. Willems, MD, and Hilaire De Geest, MD 


To analyze the effect of the calcium antagonist 


diltiazem on coronary hemodynamics, epicardial 
coronary artery diameter, coronary bicod flow 
and coronary blood flow velocity were assessed 
at baseline and after a 0.5 mg intracoronary bo- 
lus of diltiazem in nonstenotic coronary arteries 
of awake humans. Patients (n = 20) were first 
randomized to pretreatment with either placebo 
(n = 10) or isosorbide dinitrate (0.5 g/kg/min 
infusion; n = 10), and coronary flow reserve was 
measured before and after administration of dil- 
tiazem. There were significant increases in epi- 
cardial coronary artery diameter (10%; p = 
0.0001) and coronary blood flow (30%; p = 
0.0001) in all patients after administration of 
diltiazem. Whereas basal coronary blood flow 
velocity increased only slightly (7%; p = not sig- 
nificant), there was a significant decrease in cor- 
onary flow reserve (10%; p = 0.004), Increases 
in coronary diameter and blood flow after diltia- 
zem were comparable in patients pretreated with 
placebo or nitrates. However, the decrease in 
coronary flow reserve was significant only in pa- 
tients pretreated with placebo (19%; 
p = 0.0008). This reduction in coronary flow re- 
serve could be due to “raising the floor” (in- 
creased baseline coronary blood flow) or “lower- 
ing the ceiling” (reduction of maximal coronary 
blood flow). 

(Am J Cardiol 1991;68:1633~-—1637) 
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nary epicardial vessels, and previous work has 

also indicated a possible effect of some of these 
drugs on the coronary resistance vessels.! Experimental 
studies have suggested that calcium antagonists cause 
partial blunting of the coronary hyperemic reaction af- 
ter brief coronary occlusions.2-? Coronary flow reserve 
is a useful index of the vasodilator capacity of coronary 
circulation. Its measurement has been used primarily to 
assess the physiologic significance of coronary stenoses.* 
The reduction of the maximal distal vasodilator capaci- 
ty by calcium antagonists may represent another mech- 
anism of action of these drugs.’ 

Recently, Rossen et al® studied the effect of intrave- 
nous and intracoronary diltiazem on coronary flow re- 
serve in awake humans pretreated with nitrates. Be- 
cause no effect on this parameter was observed, they 
concluded that attenuation of maximal coronary dila- 
tion did not explain the known antianginal effect of dil- 
tiazem. Because in their study nitrates could have 
masked the effects of diltiazem, we studied the coro- 
nary flow reserve response to intracoronary diltiazem 
(0.5 mg) in 20 patients randomly assigned to receive 
pretreatment with either placebo or nitrates. 


C alctum antagonists are known to dilate coro- 


METHODS 

Patient selection: Patients <70 years of age were 
eligible for this study if they were candidates for 1- 
vessel angioplasty of a 270 but <100% diameter steno- 
sis of a major coronary artery, and if the diagnostic 
coronary angiogram showed a nonstenotic left anterior 
descending or circumflex artery from which the atrio- 
ventricular nodal artery did not originate. Antianginal 
medication was withheld =24 hours before study entry, 
except for sublingual nitrates, which were allowed until 
6 hours before the procedure. Left ventricular ejection 
fraction at rest was always 250%. Patients with arteri- 
al hypertension (blood pressure >180/100 mm Hg) or 
hypotension (systolic pressure <100 mm Hg) at study 
entry were excluded. A heart rate <50 beats/min, and 
presence of any degree of atrioventricular block and of 
any other cardiovascular disease were also exclusion 
criteria. Patients were also excluded if angioplasty pro- 
cedure was unsuccessful or if, during angioplasty, the 
administration of other vasoactive medication was indi- 
cated. The research protocol was approved by the Uni- 
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versity of L= ven Ethical Committee, and informed 
consent was =btained from each subject before the be- 
ginning of the procedure. 

Study desen (Figure 1): Patients were randomly as- 
signed to pretreatment with placebo or nitrates before 
angioplasty. Iz the group pretreated with nitrates, iso- 
sorbide dinit-ate was administered intravenously (0.5 
ug/kg/min). The group pretreated with placebo re- 
ceived sodium chloride (0.9%) intravenously at the 
same flow razz. Before angioplasty, all patients received 
a bolus of 10,300 IU heparin intravenously followed by 
a continuous infusion of 1,000 IU/hr. No other pre- 
medication wes used. The procedure was performed 
as described previously.’ The study was begun in the 
nonstenotic contralateral coronary artery only if the an- 
gioplasty procedure was successful (residual stenosis 
<50%). The d_ameter of this artery and the blood flow 
velocity were measured before and after local injection 
of diltiazem ` 3 mg). 

Coronary zrtery diameter assessment: After suc- 
cessful angiopasty, the diameter of the epicardial coro- 
nary artery wzs measured in the nonstenotic contralat- 
eral coronary <rtery before and after intracoronary ad- 
ministration -f diltiazem. Care was taken to measure 
the diameter 2 mm ahead from the tip of the Doppler 
catheter (site of the sample volume). For these mea- 
surements, = perpendicular angiographic projections 
were used. Argiograms before and after diltiazem were 
obtained in .dentical transversal and sagittal inclina- 
tions with coms:ant focus-object and object-image inten- 
sifter distanczs. Images were acquired on a Polytron® 
1000 system ` Siemens, Erlangen, Federal Republic of 
Germany) aftr hand injections of a nonionic, low-os- 
molar contrest agent (Omnipaque®, Nycomed, Oslo, 
Sweden). Enc-diastolic angiographic views were ana- 
lyzed by 2 ird2pendent and experienced operators un- 
aware of pretreatment medication. Diameters were 
measured 3 tnes in each projection, resulting in 12 
measurement: from which the mean value was calcu- 
lated. Meast-ement of the diameter was performed 
with the special stenosis protocol of the Polytron® 1000, 
and the extezzal diameter of the guiding catheter was 


r 


10 patients: 


used for calibration. The stenosis protocol program has 
been validated before in phantoms, showing a geomet- 
ric resolution that goes down to 0.6 mm with reliable 
discrimination of 0.1 mm differences.® 

Doppler measurements: An anular 20 MHz crystal, 
end-mounted on the tip of a 3Fr over-the-wire catheter 
was connected to a Doppler velocimeter (Model PDV- 
20®, Schneider Shiley, Zurich, Switzerland). The Dop- 
pler catheter was advanced over a 0.010-inch J-tip flop- 
py guidewire (Schneider Shiley) into the proximal part 
of the nonstenotic coronary artery. The exact site of the 
Doppler crystal, visible by its radiopaque marker, was 
recorded as a reference for further assessments of the 
diameter. The Doppler signal was considered stable 
when exaggerated respiration or coughing was unsuc- 
cessful in permanently altering the velocity signal; 
before each measurement, velocity calibration signals 
were recorded. At least 5 minutes after the control an- 
giogram, the mean and phasic baseline coronary blood 
flow velocity signals were recorded simultaneously with 
arterial pressure and a 5-lead electrocardiogram (Min- 
gograf 7®, Siemens). As soon as the signal was stable 
for >2 minutes, a 1 ml bolus of papaverine hydrochlo- 
ride (10 mg in 0.9% saline solution) was hand injected 
through the central lumen of the Doppler catheter. As 
soon as the Doppler signal returned to baseline and re- 
mained stable for >1 minute, 500 yg of diltiazem were 
hand injected zs a 1 ml bolus in 0.9% saline solution 
through the central lumen of the Doppler catheter. 
Doppler signals were recorded continuously for 5 min- 
utes. Thereafter a second dose of 10 mg of papaverine 
was administered exactly as before. The baseline and 
maximal phasic and mean coronary blood flow signals 
were used for the calculation of the coronary hemody- 
namic parameters before and after diltiazem. 

Calculations: Coronary blood flow velocity and epi- 
cardial coronary artery diameter data were combined 
to calculate blood flow. The velocity-area index, defined 
as coronary blood flow velocity - m - (D/2)*, with D 
representing mean arterial diameter of the 2 angio- 
graphic projections, was considered as a measure for 
coronary blood flow across the segment under study.? 
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FIGURE 1. Flow chart of study protocol. 
CBFV = coronary blood flow velocity; 
CBFV max = maximum CBFV; CFR = coro- 
nary flow reserve; ECAD = epicardial cor- 
onary artery diameter; IC = intracoronary; 
PTCA = percutaneous transluminal coro- 
nary angioplasty. 
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Pretreat- Ejection 
ment Fraction 
(N/P) ` (Si 


womans OO P NM ra 


P 
p 
N 
P 
N 
P 
p 
p 
N 
N 
N 
p 
p 
N 
p 
N 
N 
N 
N 
P 


Mean + 54.2 t 2.2 
SEM 


*p <0.05 after versus before diltiazem. 


72.6 = 2.0 


a = after diltiazem; b = before diltiazem; CBF = coronary blood flow (kHz - mm?); CBFV = coronary blood flow velocity (kHz); CFR = coronary flow reserve; ECAD = epicardial 
coronary artery diameter (mm); LAD = left anterior descending; LC = left circumflex; N = nitrates; P = placebo; SEM = standard error of the mean. 


TABLE Il Subgroup Analysis According to Pretreatment Group 
Placebo (n = 10) 


After 
Ditiazem 


Before 
Diltiazem 


ECAD (mm) 
CBFV (kHz) 
CBFV rax (KHz) 


Values are mean + SEM. 
CBFVmax = maximal mean CBFV after papaverine; other abbreviations as in Table i. 


Coronary flow reserve was calculated as the quotient of 
mean coronary blood flow velocity after papaverine ver- 
sus baseline. !° 

Statistical methods: Paired ¢ tests were used for 
comparison in which each patient served as his own 
control. Unpaired ¢ tests were used for between-group 
comparisons. A p value <0.05 was considered signifi- 
cant. All values are expressed as mean + standard er- 
ror of the mean. 


RESULTS 

Patients: Of 25 patients randomized, 20 were in- 
cluded in this study; their main characteristics are listed 
in Table I. No significant differences were observed be- 
tween treatment groups. Exclusions before administra- 


\.. tion of the study drug were due to administration of 


vasoactive drugs (2 patients), failed angioplasty (1) and 
technical problems (1). Another patient was excluded 


Nitrates (n = 10) 


After 
Diltiazem 


Before 
Diltiazem 





because of temporary second-degree atrioventricular 
block after administration of diltiazem. 

Effects on epicardial coronary artery diameter: The 
intracoronary administration of diltiazem resulted in a 
10% increase in diameter in both the presence (2.64 + 
0.13 to 2.91 + 0.10 mm; p = 0.02) and absence (2.31 
+ 0.15 to 2.54 + 0.16 mm; p = 0.0001) of nitrates 
(Tables I and IT). 

Effects on coronary blood flow velocity: This pa- 
rameter did not change significantly after administra- 
tion of diltiazem (1.56 + 0.19 before vs 1.66 + 0.22 
kHz after; p = 0.11) (Table I). Likewise, no difference 
in velocity response was observed when both pretreat- 
ment groups were analyzed separately (Table II). 

Effects on coronary blood flow: After diltiazem, 
coronary blood flow increased 31% (p = 0.0001) (Ta- 
ble I). Similar increases were observed in patients pre- 
treated with nitrates (30%; p = 0.003) and placebo 
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(31%; p = 0.23003) (Table IT). Coronary blood flow in- 
creased in a: patients, but varied from 12 to 81%. No 
correlation ws found between coronary blood flow re- 
sponse and beseline diameter or flow velocity. 

Effects oc coronary flow reserve: Administration of 
intracoronar; diltiazem resulted in a 10% decrease in 
coronary flor reserve in all patients (p = 0.004) (Table 
I). Subgroup analysis showed that this decline was lim- 
ited to patiects pretreated with placebo (19%; p = 
0.0008); in patients pretreated with nitrates, no signifi- 
cant changes in measurements before and after diltia- 
zem were cbhserved (—3%; p= not significant [NS]) 
(Table II). -zdividual coronary flow reserve responses 
in patients pr=treated with placebo and nitrates are de- 
picted in Figure 2. 

Effects o heart rate and blood pressure: [ntracoro- 
nary adminstration of diltiazem did not induce any 
change in heart rate (70 + 2.8 before vs 69 + 2.6 
beats/min etter; p = NS) or systolic blood pressure 
(128 + 6.5 teZore vs 126 + 5.7 mm Hg after; p = NS) 
(Table I). Ns significant changes in these parameters 
were observed in either pretreatment subgroup. 

Side effects: Diltiazem induced a second-degree 
atrioventricular block in 1 patient; sinus rhythm re- 
turned to normal spontaneously within 10 minutes. The 
patient was 2scluded from analysis. 


DISCUSSICN 

This stucz demonstrates that in nonpremedicated 
patients, intracoronary administration of the calcium 
antagonist dictiazem increases epicardial coronary di- 
ameter and coronary flow without any change in heart 
rate or blood pressure. These effects were observed in 
patients pret~cated with either placebo or nitrates. Cor- 
onary vasodilation diameter correlates well with previ- 
ous findings. After pretreatment with nitrates, increases 
in diameter e 9 and 6% were observed after intra- 


Placebo 


Coronary 
flovt 
Reserve 


Diktiazern 
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venous and intracoronary diltiazem, respectively. Af- 
ter systemic administration of the dihydropyridine-type 
calcium antagonist, nisoldipine, epicardial coronary ar- 
tery diameter increased by 10% in the absence of ni- 
trates.!! Epicardial artery vasodilation after calcium en- 
try blockade appears to be independent of pretreatment 
with nitrate. Calctum antagonists appear to be less ef- 
fective than treatment with intracoronary nitrocom- 
pounds. Previously, in the same model we assessed the 
vasodilator action of Sin 1, the active metabolite of the 
nitrocompound molsidomine.'* Sin 1 increased the epi- 
cardial coronary diameter by 26% compared with a 
10% increase for diltiazem in the present study. 

The increase in coronary blood flow correlates well 
with previous findings. Intracoronary nifedipine (0.1 
mg) resulted in a 70% increase in blood flow, as mea- 
sured by the coronary sinus thermodilution technique. 17 
In view of the known limitations of this technique, espe- 
cially for the measurement of small flow changes!4 we 
estimated coronary flow from a combination of quanti- 
tative angiography and Doppler measurements.? Blood 
flow increase after diltiazem appeared to be due to a 
dual action, namely dilatation of both resistance and 
epicardial capacitance vessels. Coronary blood flow re- 
sponse was consistent in all patients and was indepen- 
dent of pretreatment with nitrate. These results com- 
pare favorably with previous work with intracoronary 
nitrocompounds in which no significant changes in cor- 
onary blood flow were observed after a 0.5 mg Sin-1 
bolus.!4 

Intracoronary diltiazem resulted in a small but sig- 
nificant decrease in coronary flow reserve. When sub- 
group analysis was performed, the reduction in flow re- 
serve appeared to be limited to patients pretreated with 
placebo, in agreement with the findings of Rossen et 
al.© The mechanism by which diltiazem reduced the 
flow reserve response could be either by “raising the 


Nitrate 


FIGURE 2. Coronary flow reserve re- 
sponses after diltiazem for individual pa- 
tients. Left, patients pretreated with pla- 
cebo; right, patients pretreated with ni- 
trates. Mean + standard error of the mean 
for values before and after diltiazem are 
indicated. *p <0.05. 


Diltiazem 





at 


floor” or “lowering the ceiling.” Indeed, at the time of 
the second papavarine injection, coronary blood flow at 
baseline may be increased (epicardial vasodilation with- 
out change in blood flow velocity). In such situation, 
although papaverine increased blood flow to the same 
maximal level as before diltiazem, the ratio will de- 
crease. Although this mechanism offers a plausible hy- 
pothesis it does not explain all findings (e.g., absence of 
decrease after nitrates, and larger percent decrease of 
flow velocity reserve with respect to the percentage of 
epicardial vasodilation in patients treated with placebo). 
Therefore, the lowering the ceiling mechanism (e, a 
decrease in maximal blood flow after the second papav- 
erine injection) must also play a role. In experiments 
with animals, blunting of the hyperemic response after 
brief coranary occlusions by diltiazem and dihydropyri- 
dine-type calcium antagonists was observed.!>:!© Mer- 
rill et al!’ studied the effect of nifedipine on adenosine- 
induced hyperemic flow. Nifedipine attenuated the 
hyperemic response after adenosine, and this effect ap- 
peared reversible. In the present study, no attempt was 
made to reverse the effect of diltiazem, because it was 
considered unsafe to increase the dose of papaverine be- 
cause of potential complications.'*:!9 The exact mecha- 
nism by which diltiazem could reduce papaverine-in- 
duced hyperemia remains unclear. Besides the possibili- 
ty of direct inhibition of the effect of papaver- 
ine on resistance vessels, another possible explanation 
exists. Indeed, although systemic hemodynamics re- 
mained unchanged diltiazem could have caused a re- 
gional negative inotropic effect resulting in unpaired 
diastolic relaxation and impairment of maximal coro- 
nary blood flow. 

In conclusion, intracoronary administration of diltia- 
zem (0.5 mg) produced significant dilatation of the epi- 
cardial arteries and increased blood flow in the intact 
coronary circulation of humans without systemic ef- 
fects. Coronary flow reserve decreased, but only in the 
absence of pretreatment with nitrates. The decrease in 
this parameter appears to be due to increased baseline 
as well as decreased maximal blood flow. Concomitant 
administration of nitrates by an unknown mechanism 
inhibits this effect on flow reserve. Whether a reduction 
of flow reserve in the setting of obstructive coronary 
disease (by reducing a ‘coronary steal’ phenomenon) 
represents a beneficial mechanism remains to be 
proven. 
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Regional Myocardial Perfusion and Metabolism 
Assessed by Positron Emission Tomography in 
Children with Kawasaki Disease and Significance 
of Abnormal Q Waves and Their Disappearance 
Muneo Yomibayashi, MD, Nagara Tamaki, MD, Kenya Nishioka, MD, Masahiko Matsumura, MD, 


Tadashi Ueda, MD, Shinji Temma, MD, Yoshiharu Yonekura, MD, Keiji Yamashita, MD, 
Junji Konishi, MD, and Haruki Mikawa, MD 





To clarify the significance of newly appearing 
abnormal Q waves and their disappearance in 
patients with Kawasaki disease, regional myo- 
cardial perfusion and glucose metabolism at rest 
in the fastir. condition were assessed by posi- 
tron emissie:: tomography (PET) with ‘°N-am- 
monia and “*¥-fluorodeoxyglucose (FDG), and 
regional wall motion by left ventriculography in 
regions with persistent and transient abnormal Q 
waves in 14 patients. PET identified 3 groups of 
abnormal mwocardial segments: segments with 
hypopertusien without increased FDG uptake, 
those with hypoperfusion and increased FDG up- 
take, and these with normal perfusion and in- 
creased FDG uptake. Almost all the segments 
with persistent or transient abnormal Q waves 
had abnormal PET findings. PET demonstrated 
evidence of metabolic activity in 57% of seg- 
ments with persistent abnormal Q waves and 
67% of those with transient abnormal Q waves. 
Regional wa. motion, scored from O (normal) to 
4 (dyskinesia), was not significantly different be- 
tween segments with persistent and transient 
abnormal Q ‘waves (2.3 + 1.3 vs 2.2 + 1.2). The 
persistence ei abnormal Q waves on serial elec- 
trocardiograris was significantly shorter in met- 
abolically ac*ive than in inactive segments (19 + 
17 vs 92 + 27 months). In conclusion, in pa- 
tients with Kawasaki disease, the new appear- 
ance of abnarmal Q waves is a reliable clue to 
the presence of ischemic myocardial injury and a 
high proporton of them are associated with met- 
abolically attive myocardial regions. The disap- 
pearance of abnormal Q waves does not neces- 
sarily mean the normalization of regional myo- 
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cardial perfusion, metabolism or function, and 
their early disappearance may imply “viability” 
in the associated myocardial region. 

(Am J Cardiol 1991;68:1638-—1645) 


patients with Kawasaki disease,!»? and some of 

them then develop myocardial ischemia.? Cor- 
onary artery lesions resulting from Kawasaki disease 
are characteristic in that there are a large number of 
patients with asymptomatic myocardial infarction. Be- 
cause the detection of elevated enzyme levels is impossi- 
ble in these patients, the diagnosis of myocardial infarc- 
tion is usually made by the new appearance of ab- 
normal Q (abnormally deep Q) waves on the electro- 
cardiogram, and such Q waves often disappear in the 
subsequent course of the illness. However, little is 
known concerning the ischemic myocardial injury in re- 
gions with such Q waves or in regions showing disap- 
pearance of them. 

In recent years, the in vivo evaluation of regional 
myocardial perfusion and metabolism has become fea- 
sible with the advent of positron emission tomography 
(PET),** and its usefulness in the assessment of myo- 
cardial ischemia has been reported in adults.9:!0 How- 
ever, there have been no studies so far to assess myocar- 
dial perfusion or metabolism using PET in patients 
with Kawasaki disease. 

In the present study, to clarify the significance of 
newly appearing abnormal Q waves and their disap- 
pearance in patients with Kawasaki disease, regional 
myocardial perfusion and glucose metabolism were as- 
sessed by PET with '3N-ammonia and !*F-fluorode- 
oxyglucose (FDG), and regional wall motion by left 
ventriculography in regions with abnormal Q waves 
and in regions showing the Q-wave disappearance. 


C oronary artery lesions occur in about 20% of 


METHODS 
Patients: We studied 14 patients (10 male and 4 
female children, aged 3 to 14 years [mean 7.6]) with 
coronary artery lesions resulting from Kawasaki dis- 
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ease. All patients had stenotic lesions of coronary arter- 
ies confirmed by selective coronary arteriography. The 
time from the onset of Kawasaki disease to the PET 
study ranged from 6 to 163 months (mean 67). Writ- 
ten informed consent was obtained from the parents of 
each child before the study. 

Positron emission computed scanning: PET scan- 
ning was performed using a whole-body, multislice 
positron tomograph (Positologica III, Hitachi).!! 
The spatial resolution was 7.6 mm (full width at half 
maximum) at the center of the field. Nitrogen-13 
and fluorine-18 were produced using a small cyclo- 
tron (SYPRIS 325, Sumitomo) as previously report- 
ed.!012.13 Before each tomographic study, a transmis- 
sion scan using a rotating germanium 68/gallium 68 
standard plate was performed for measurement of the 
attenuation factor. Patient positioning for each study 
was aided by marking the patient’s chest with a felt pen 
and aligning the marks with the reference light beam of 
the tomograph. While the patient was lying on the bed, 
13N-ammonia (0.4 mCi/kg) was injected intravenously 
and 3 minutes after the injection, the first scan was 
performed for 5 minutes. This was followed immediate- 
ly by the second scan that was performed for 8 minutes 
to obtain interpolating images. These 2 scans provided 
a total of 14 contiguous transverse slices at 8 mm inter- 
vals. Myocardial images were included in 5 to 7 slices 
of the 14 obtained. The FDG study was performed 
within 1 week of the '3N-ammonia study. There were 
no changes in clinical status in any of the patients dur- 
ing the interval. Patients fasted for =5 hours before the 
FDG study. FDG (0.1 mCi/kg) was injected at rest 
and 2 emission scans of 8 minutes’ duration were taken 
60 minutes after the injection to obtain 14 contiguous 
slices. 

Before injection of FDG, venous blood was with- 
drawn for measurement of plasma levels of glucose, 
free fatty acids and insulin to detect possible differences 
in plasma substrate levels among the patients. 


UPPER SLICE 


FIGURE 1. Schematic representation of 3 
transverse tomographic slices selected for 
the circumferential profile analysis and 5 
myocardial segments. ANT = anterior seg- 
ment; APX = apical segment; INF = infe- 
rior segment; LAT = lateral segment; SEP 
= septal segment. 





Image analysis: The PET images were reconstruct- 
ed with a Shepp & Logan filter convoluted with a 2 
mm Gaussian function after attenuation correction. 
The spatial resolution after reconstruction was about 
9.0 mm (full width at half maximum) at the center of 
the field. 

Regional myocardial perfusion images were semi- 
quantitatively assessed by the circumferential profile 
analysis of 3 transverse slices (upper, middle and lower) 
as previously reported.!9!2 The PET study provided 5 
to 7 myocardial slices at 8 mm intervals. The lowest 
slice showing decreased activity in the center corre- 
sponding to the left ventricular cavity was determined 
as the lower slice. The middle and upper slices were 
determined as every second slice above the lower 
slice.!9!2 The left ventricular myocardium was divided 
into 5 segments (septal, anterior, apical, lateral and in- 
ferior). Segments with perfusion below the normal 
range (mean + 2 standard deviation value of 12 normal 
subjects) covering =30° of the profiles were defined as 
having hypoperfusion and the other segments were de- 
fined as having normal perfusion.!°:!? The 3 slices se- 
lected for the circumferential analysis and the 5 myo- 
cardial segments are shown schematically in Figure 1. 

Regional FDG uptake was measured as percent in- 
jected dose per 100 ml tissue in each segment and was 
assessed by the circumferential profile analysis as previ- 
ously reported.!2:!3 Segments with FDG uptake above 
the normal range (mean + 2 standard deviation value 
of 8 normal subjects in the fasting state) covering 230° 
of the profiles were considered to have increased FDG 
uptake and the other segments to have no increase in 
FDG uptake. The upper limit of the normal range was 
0.7% injected dose per 100 ml tissue in septal, anterior 
and apical segments and 0.85 in lateral and inferior 
segments, 1? 

Electrocardiographic analysis: Electrocardiograms 
were recorded at least once a month from the onset of 
Kawasaki disease until the day of the PET scanning. 


MIDDLE SLICE 


LOWER SLICE 
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TABLE i Clinical Data and Tomographic Findings in 14 Patients 


Abnormal Q on ECG 


Site/ Persistent or 


Transient/ Persistence 


(mos) 


V3,V4/P/79 
lfl,aVF/P/77 

{I I,aVF/P/140 
|,aVL/T/86 
iiH, aVF/T/80 
Vi-4,LaVL/P/3 
i, aVF/P/34 
No abnormal O 
iH,aVF/T/31 
i,aVF/1/37 
No abnormal Q 


kä Fi kä ke 
ONY OW Dr A of & bi rz 


No abnormal Q 
No abnormal Q 


= aneurysm; AZ = left anterior descending artery; ANT = anterior segment; APX = apical segment; CAG = coronary arteriography (number in CAG column; percent reductionin | 


PET Perfusion/FDG Uptake/Wall Motion Score 


SEP ANT APX LAT 


|aVL/T/1; II,l,aVF/T/5 


diameter in localized senosis); CX = left circumflex artery; ECG = electrocardiogram; FDG = !8F-fluorodeoxyglucose (—, no increase in FDG uptake; +, increased FOG uptake); INF = 
inferior segment; LET = lateral segment; N = normal findings; P = persistent abnormal Q waves; PET = positron emission tomography (—, normal perfusion; | , hypoperfusion); RC = 
right coronary arter-; EP = septal segment; SS = segmental stenosis; T = transient abnormal Q waves. 


Myocardial infarction was defined as the new appear- 
ance of abnon—al Q (abnormally deep Q) waves during 
this period. £>normal Q waves were defined as Q 
waves with a cepth greater than the 98 percentile value 
for normal cFfdren (0.3 mV in lead I, 0.4 mV in leads 
II, aVL and a¥F, 0.5 mV in lead III, 0.2 mV in leads 
Vu to V3, and 3.6 mV in leads V 4 to Nell or QS 
waves. Septal infarction was diagnosed when there 
were new abre-mal! Q waves in leads V; and NV: ante- 
rior infarctior when new Q waves appeared in leads V3 
to Vs, lateral nfarction when they were present in 22 
of leads I, a¥L and Ve, and inferior infarction when 
they appeared in 22 of leads II, HI and aVF. 





FIGURE 2. Positron emission tomography images of patient 
1. Upper and Leer panels on the left and right are trans- 
verse slices at fhe same level. Upper panels are }*=N-ammonia 
(NH3) images:showing hypoperfusion in the anterior and api- 
cal segments (asrows). Lower panels are ‘*F-fluorodeoxygtu- 
cose ('8FDG) imazes showing no increase in FDG uptake. 
These segments-are representative of group A. 
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Analysis of coronary arteriography and regional 
wall motion: Selective coronary arteriography and left 
ventriculography in both the right and left anterior 
oblique projections were performed within 30 days 
(mean interval 13.5) before or after the PET scan. 
None of the patients showed any changes in their clini- 
cal status or electrocardiographic findings during the 
interval. Stenotic lesions of the coronary arteries were 
defined as occlusion, segmental stenosis or localized ste- 
nosis as recommended by the Kawasaki Disease Re- 
search Committee of the Japanese Ministry of Health 
and Welfare.!® According to the committee, occlusion 
is defined as 100% obstruction. Segmental stenosis is 
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FIGURE 3. Positron emission tomography images in patient 6. 
Upper and lower panels on the left and right are transverse 
slices at the same level. Upper panels are }5=N-ammonia 
(3NH3) images showing hypoperfusion in the septal, anterior 
and apical segments (arrows). Lower panels are '®°F-fluoro- 
deoxyglucose (15FDG) images showing increased FDG uptake 
in the same segments. These segments are representative of 
group B. 
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TABLE II Plasma Levels of Glucose, Free Fatty Acids, and 
Insulin at the Time of the 18F-Fluorodeoxyglucose (FDG) Study 


Free Fatty Acids ` Insulin 
(wEq/liter) (U/ml) 


1,368 + 1,066 3622.3 
1,628 + 582 2.5 © 1.9 
1,065 + 699 3,0 2:1:8 


Glucose 
(mg/dl) 


81+ 14 
84 +6 
90 +8 


Values are mean + standard deviation. 
FDG(+) = increased FDG uptake; FODG(—) = no increase in FDG uptake. 


Patients: FDG(+) (n = 7) 
Patients: FDG(—) (n = 7) 
Normal subjects (n = 8) 


defined as severe narrowing over a long segment of a 
coronary artery, which forms a braidlike lesion associ- 
ated with multiple tortuous vessels.'®!7 Localized steno- 
sis is defined as a discrete narrowing of a coronary ar- 
tery. Regional wall motion in each segment was as- 
sessed visually on the basis of left ventriculography by 3 
experienced observers who were unaware of the results 
of PET or electrocardiography, and was scored as fol- 
lows: normal = 0, mild hypokinesia = 1, severe hypoki- 
nesia = 2, akinesia = 3 and dyskinesia = 4. 

Statistical analysis: Values are reported as mean + 
standard deviation. One-way analysis of variance with 
multiple comparisons (Dunn’s method) was used to 
compare variables. To compare proportions, Fisher’s 
exact test was used. Probability values of <0.05 were 
considered statistically significant. 


RESULTS 

The clinical data and PET findings of the 14 pa- 
tients are summarized in Table I. New abnormal Q 
waves appeared in 10 patients and the abnormal Q 
waves disappeared in 5 of them during follow-up. A 
diagnosis of myocardial infarction, which was based on 
the new appearance of abnormal Q waves, was made in 
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FIGURE 4. Positron emission tomography images in patient 
10. Upper and lower panels on the feft and right are trans- 
verse slices at the same level. Upper panels are }*N-ammonia 
(}5NH3) images showing normal perfusion and lower panels 
are 18F-ffluorodeoxygtucose (PED) images showing increased 
FDG uptake in the inferior segment (arrows). The inferior seg- 
ment in this patient is representative of group C. 





TABLE Ill Correlation Between Abnormal! Q Waves and 


Positron Emission Tomographic Findings 


PET Findings 
(13N-ammonia perfusion/FDG uptake) 


Abnormal! Q 
Waves on ECG 


STE Lit 
GroupC GroupB 


L/- 
Group A 


-> — 


Normal Total 


Persistent 
Transient 
No abnormal Q 37 
Total 39 
Values shown are the number of myocardial segments, d 
ECG = electrocardiogram; FDG = !8F-fluorodeoxyglucose (—, no increase in FDG 


uptake; +, increased FDG uptake); PET = positron emission tomographic (>, normal 
perfusion; | , hypoperfusion). 


13 myocardial regions in these 10 patients (1 septal, 2 
anterior, 3 lateral and 7 inferior infarcts). Signs or 
symptoms accompanying the appearance of abnormal 
Q waves were observed in only 1 patient (no. 1). In the 
remaining 9 patients, routine electrocardiograms re- 
vealed the development of abnormal Q waves, but there 
were no signs or symptoms. Therefore, asymptomatic 
myocardial infarction was the diagnosis in these 9 pa- 
tients. According to the PET findings, all the myocardi- 
al segments were classified into the following 4 groups: 
segments with hypoperfusion and no increase in FDG 
uptake (group A) (Figure 2), those with hypoperfu- 
sion and increased FDG uptake (group B) (Figure 3), 
those with normal perfusion and increased FDG uptake 
(group C) (Figure 4), and those with normal perfusion 
and no increase in FDG uptake (normal group). 


NS 
rNS-arNS-— 


* 


Wall Motion Score 


9 7 
Group ` Normal A B C 





FIGURE 5. Regional wali motion scores in myocardial seg- 
ments of groups A to C and in normal segments. The heights 
of the bars indicate mean values; brackets represent standard 
deviation. n = number of myocardial segments in each group; 
NS = not significantly different; *p <0.001 versus normal seg- 
ments. 
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Table II si:ws plasma levels of glucose, free fatty 
acids and insulœ in patients and normal subjects. There 
were no signif cant differences in plasma levels of these 
substances among patients with and without increased 
FDG uptake a-d normal subjects. 
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FIGURE 6. Posiwxn emission tomography images in patient 4. 
Upper and lower panels on the left and right side are trans- 
verse slices at the same level. Upper panefs are *N-ammonia 
(13NH3) images sieowing hypoperfusion in the lateral and infe- 
rior segments (arrows). Lower panels are }°F-fluorodeoxyglu- 
cose (18SFDG) ima:zes showing no increase in FDG uptake. 
These segments zre typical of group A. 





FIGURE 7. Serial electrocardiograms (leads IH and aVF) from 
same patient as ir Figure 4 (no. 10). At onset of Kawasaki 
disease (Oy 10m , -here were no abnormal Q waves (upper 
panels), At age 172 months (Oy 11m) (1 month after the on- 
set), abnormal Q-waves appeared in these leads (middle pan- 
els) without clinica. signs or symptoms. At age 4 years (4y 
Om) (37 months afier the appearance), abnormal Q waves dis- 
appeared (lower panels). This patient had an asymptomatic 
inferior myocardiz! infarction with transient abnormal Q 
waves. 





Figure 5 shows the relation between the PET find- 
ings and regional wall motion. Normal myocardial seg- 
ments had significantly better wall motion than those in 
groups A, B or C. There were no significant differences “x 
in wall motion scores among groups A, B and C. 

The relation between abnormal Q waves and the 
PET findings is shown in Table HI. Almost all myocar- 
dial segments with persistent or transient abnormal Q 
waves had abnormal PET findings. The proportion of 
group A segments was not significantly different be- 
tween those with persistent and those with transient ab- 
normal Q waves. 

Figures 4 and 6 show the PET findings in patients 
with transient abnormal Q waves. Electrocardiograms 
of the same patients are shown in Figures 7 and 8, 
respectively. 

Table IV shows the relation between the persistence 
of abnormal Q waves (intervals from appearance to ~ 
PET scanning in patients with persistent abnormal Q 
waves and interval from appearance to disappearance 
in patients with transient abnormal Q waves) and the 
PET findings. The persistence of abnormal Q waves 
was significantly shorter in metabolically active seg- 
ments (groups B, C, and the normal group) than in 
inactive segments (group A). 


FIGURE 8. Serial electrocardiograms {leads I and aVL) from 

the same patient as in Figure 6 (no. 4). At the onset of Kawa- 

saki disease (ly 5m), there were no abnormal! Q waves (upper 
panels). At the age of 1 year and 6 months (ly 6m) (1 month 

after the onset), abnormal Q waves appeared in these leads A 
(middle panels) without clinical signs or symptoms. At 8 years vo 
of age (8y 8m) (86 months after the appearance), abnormal Q 

waves disappeared (lower panels). This patient had an 

asymptomatic laterai myocardial infarction with transient ab- 

normal Q waves. 
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The relation between abnormal Q waves and region- 
al wall motion is shown in Figure 9. Myocardial seg- 
ments without abnormal Q waves had significantly bet- 
ter wall motion than segments with persistent or tran- 
sient abnormal Q waves. The wall motion score was not 
significantly different between segments with persistent 
abnormal Q waves and those with transient abnormal 
Q waves. 


DISCUSSION 

In the present study, PET identified 3 types of ab- 
normal myocardial segments (groups A to C). Seg- 
ments in group B (hypoperfusion with increased FDG 
uptake) are considered to be ischemic but metabolically 
active, Le, tomographically “viable” segments. Seg- 
ments in group A (hypoperfusion without increased 
FDG uptake) may represent ischemic and metabolical- 
ly inactive, i.e., tomographically “non-viable” or scar 
regions. Segments in group C showed increased FDG 
uptake with normal perfusion and also had significantly 
reduced wall motion (Figure 5). It is difficult to explain 
the potential reason cr mechanism for the group C 
finding. However, the same PET finding was frequent- 
ly observed in adult patients with subendocardial or 
non-Q-wave myocardial infarction.!® The group C find- 
ing in the present study may also represent subendocar- 
dial myocardial ischemia which may occur asymptom- 
atically. This finding was observed in myocardial re- 
gions with transient abnormal Q waves or non-Q-wave 
regions, but not in regions with persistent abnormal Q 
waves (Table HI). We performed the FDG study un- 
der the fasting condition to delineate metabolically ab- 
normal areas by suppressing FDG uptake in the normal 
myocardium. Myocardial segments with this type of 
ischemic injury, i.e., normal perfusion but abnormal 
metabolism, can be identified in the fasting state but 
not in the postprandial state. 

No significant differences in plasma levels of glu- 
cose, free fatty acids and insulin between the patients 
with and without increased FDG uptake (Table II) in- 
dicate that the increased FDG uptake observed in the 
present study did not result from changes in the plasma 
levels of these substances. 


TABLE IV Relation Between Persistence of Abnormal Q Waves 


and Positron Emission Tomographic Findings 


Metabolically Active 
Segments 

(groups B and C, 
and the normal 
group) 


18.5 17-1 


Metabolically 
Inactive Segments 
(group A) 


92.4 + 26.8* 


PET Findings 


Persistence of abnormal Q 
waves (mos) on ECG 
*p <0.01 versus metabolically active segments. 


Values are mean + standard deviation. 
ECG = electrocardiogram; PET = positron emission tomographic. 





The present study revealed that new and asymptom- 
atic abnormal Q waves were almost always associated 
with both abnormal PET findings (Table III) and re- 
duced wall motion (Figure 9), whether or not they per- 
sisted or eventually disappeared. In addition, evidence 
of metabolic activity was demonstrated in 62% of myo- 
cardial regions with such abnormal Q waves. These 
findings indicate that the new appearance of abnormal 
Q waves is a reliable clue to the presence of asymptom- 
atic regional myocardial ischemic injury in patients 
with Kawasaki disease, and that a high proportion of 
such Q waves are associated with tomographically via- 
ble myocardial regions. 

The disappearance of abnormal Q waves is not an 
unusual finding in patients with Kawasaki disease as 
well as in adult patients with myocardial infarction. !9-23 
In some previous reports, the disappearance of abnor- 
mal Q waves has been attributed to a smaller infarct 
size!? and related to a more favorable prognosis,” 
whereas others have failed to note any association with 
a better prognosis.*!-23 However, there have been no 
studies so far concerning myocardial perfusion or me- 
tabolism in regions showing the disappearance of ab- 
normal Q waves. In the present study, transient and 
persistent abnormal Q waves were associated with a 
similar number of tomographically abnormal myocar- 
dial segments, and also with a similar number of meta- 
bolically inactive (group A) segments (Table III). In 
addition, myocardial segments with transient and per- 
sistent abnormal Q waves showed similarly reduced 


oh 
A 
© 
© 
GA 
E 
E 
+ 
(= 
= 
© 
= 


7 6 


Abnormal Q:(—) Persistent Transient 





FIGURE 9. Regional wall motion scores in myocardial seg- 
ments with persistent and transient abnormal Q waves and in 
segments without abnormal Q waves. The heights of the bars 
indicate mean values, and brackets represent standard devi- 
ation. n = number of myocardial segments; NS = not signifi- 
cantly different; zp <0.001 versus segments without abnor- 
mal Q waves. 
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wall motion (E eure 9). These results may indicate that 
the disappearance of abnormal Q waves in patients 
with Kawasa-i disease does not necessarily mean the 
normalization 2f regional myocardial perfusion, metab- 
olism or functtcn, and also is not always related to met- 
abolically act ~2 myocardial regions. 

The preseæ study also demonstrated that the persis- 
tence of abnormal Q waves on serial electrocardio- 
grams was sizzificantly shorter in metabolically active 
than in inactre segments (Table IV), suggesting that 
the early disepoearance of abnormal Q waves may be 
more likely te mply the metabolic activity in the associ- 
ated myocarce! region, although a satisfactory expla- 
nation for th observation cannot be given at present. 

The preset study showed no significant difference 
in regional wall motion between tomographically isch- 
emic but viab:< regions and PET scar regions (Figure 
5). However, ae previous study by Cohn et al*4 con- 
cerning the cartractile reserve in ischemia has demon- 
strated myocardial “viability” on infusion of epineph- 
rine or with post-extrasystolic potentiation, We mea- 
sured only the resting wall motion and did not assess 
the contractile reserve. Therefore, the implication of the 
present study may be that regional wall motion at rest 
cannot reliab.7 distinguish tomographically viable re- 
gions from sr regions. 

There are several limitations in appreciating the re- 
sults of the present study. Since we have not yet fol- 
lowed up the functional fate of the myocardial seg- 
ments assessed in the present study, the term viable 
may not be =xactly correct. The fasting FDG study 
may be limit=! by coexistence of the scar tissue and 
normal myocerdium in group A segments. However, 
our recent stady,'!° which was performed using the 
same methods as in the present study, demonstrated the 
reversibility o" abnormal wall motion and perfusion af- 
ter aortocororary bypass surgery in about 80% of 
“group B” segments, but in only 20% of “group A” 
segments, sugs2sting that our methods can accurately 
predict the reversible ischemia. 

We did nct measure the plasma FDG concentration 
because of the difficulties in performing serial arterial 
blood samplir and sequential PET scans over 1 hour 
in children. Because the tracer uptake has been report- 
ed to depend tn the tracer perfusate activity in the iso- 
lated working: rat heart,’ it might be necessary to 
know the plasma FDG concentration in assessing the 
tissue uptake cf FDG. However, our preliminary study 
has indicated that percent FDG uptake (percent inject- 
ed dose per 110 ml tissue) correlated well with the re- 
gional metabo I> rate of glucose, as well as the fraction- 
al FDG uptake after correction of arterial plasma FDG 
concentration n the fasting state.2° Therefore, percent 
FDG uptake <ppears to be a reliable index of regional 
myocardial glicose metabolism in the fasting condition. 
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The FDG study in the fasting state may also yield 
the problem of heterogeneity of FDG uptake within the 
same heart.!? To avoid the distortion derived from this 
problem, we assessed the FDG uptake in each segment 
by comparing the patient’s value with the normal value. 

We did not study healthy children but healthy adult 
volunteers as control subjects. To perform PET scans in 
healthy children may not be feasible from the ethical 
aspect. Although glucose metabolic rates in children 
may differ from those in adults, the similar study con- 
ditions between patients and normal subjects, such as 
plasma substrate levels (Table II) and injected doses of 
radioactivity, may reduce this limitation. 
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Usefulness of the Total Cholesterol to 
High-Density Lipoprotein Cholesterol 
Ratio in Predicting Angiographic 
Coronary Artery Disease in Women 


Mun +. Hong, MD, Philip A. Romm, MD, Kathleen Reagan, MD, Curtis E. Green, MD, 
and Charles E. Rackley, MD 


To investigae== the relation between lipids and an- 
giographic czronary artery disease (CAD) in 
women, fast ng lipid profiles were obtained on 
108 women undergoing coronary angiography 
(group I). C.D, defined as 225% luminal diame- 
ter narrowimg in a major coronary artery, was 
present in §7 (53%). Neither serum total choles- 
terol nor trizyceride levels correlated with the 
presence of CAD. Mean total/high-density lipo- 
protein (HDL cholesterol ratio was higher 
among women with than without CAD (5.5 + 0.3 
vs 4.2 + 0.2. p <0.0001). Multiple regression 
analyses idemtified a higher total/HDL cholester- 
ol ratio as ti: variable most predictive of the 
presence (p —0.001), extent (number of nar- 
rowed arteri2s) (p <0.0001), and severity (% 
maximum stenosis) (p <0.001) of CAD. Age and 
lack of estrosen use were also independently as- 
sociated wiii: the presence of CAD, age and low- 
density lipopnotein cholesterol level were addi- 
tional indicaters of extent, and age was the only 
other discrim_nator of severity of CAD. 

In 56 women with total cholesterol <200 
mg/dl (groug II), mean total/HDL cholesterol ra- 
tio was highe- in women with (n = 24) than with- 
out CAD (4.3 + 0.2 vs 3.5 + 0.2, p = 0.01), 
Higher total SDL cholesterol ratio was the vari- 
able most predictive of the presence of CAD 
(p = 0.01), md the lone variable associated with 
severity (p <2.001) after adjustment for other 
risk factors. Age was independently associated 
with presenc and extent, and hypertension was 
also indeper-dently related to extent. Thus, 
among these women, total/HDL cholesterol ratio 
is the best predictor of the presence, severity 
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and extent of CAD in general, and is the best 
predictor of presence and severity in patients 
with total cholesterol <200 mg/dl. 

(Am J Cardiol 1991;68:1646-1650) 


coronary artery disease (CAD). Whereas CAD 

is the leading cause of death in women,” most 
epidemiologic and intervention studies examining the 
relation of lipids and CAD have excluded women from 
consideration.* Likewise, angiographic studies have not 
examined women as the principal subjects,* or have not 
determined a full lipid profile.> Thus, few studies have 
provided conclusive results regarding the relation of lip- 
id values to CAD in women. Moreover, appropriate lip- 
id intervention may be beneficial in women.® This study 
examines the relation between angiographically defined 
CAD and lipid levels in women undergoing elective di- 
agnostic coronary angiography. 


B ipids play a central role in atherogenesis! and 


METHODS 

Patient selection: The study group comprised 108 
consecutive women (group I) undergoing elective, diag- 
nostic coronary angiography at Georgetown University 
Hospital over an 8-month period and had a fasting lipid 
profile obtained the morning of the procedure. Patients 
with recent myocardial infarction (<6 weeks before an- 
giography), unstable angina, prior coronary revascular- 
ization, or those taking lipid-lowering medications were 
excluded. 

Of the 108 women in group I, 37 had a serum total 
cholesterol level <200 mg/dl. With use of the same 
exclusion criteria and the same method of data collec- 
tion, 19 additional women with total cholesterol level 
<200 mg/dl were identified in a 6-month period pre- 
ceding the initial study. Data from these patients were 
combined to form a group of 56 consecutive women 
with total cholesterol <200 mg/dl (group II). 

Coronary arteriography: Selective coronary arterio- 
grams were obtained using either the Judkins or Sones 
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technique, and were independently reviewed by 2 cardi- 
ac radiologists without prior knowledge of the lipid val- 
ues. Calipers were used to compare the diameter of a 
stenosed region with the nearest normal vessel diame- 
ter. Stenoses were then classified as a percent reduction 
of the original diameter. 

CAD was considered to be present if at least 1 coro- 
nary artery system (left anterior descending, circum- 
flex, right coronary artery) had a =25% stenosis. Left 
main disease was not analyzed separately, as only 8 
women had left main involvement. CAD was then clas- 
sified by extent and severity. Extent was determined by 
the number of coronary arteries containing at least 1 
stenosis of 225% and was scored as number of ves- 
sels = 0, 1, 2 or 3. Severity was defined as the maxi- 
mum percent stenosis sound in any of the coronary ar- 
tery systems of a given patient. 

Lipid and lipoprotein measurements: As described 
previously,’ total cholesterol and triglyceride levels were 
determined using enzymatic hydrolysis, and subsequent 
measurements were obtained spectrophotometrically 
using reagents from Boehringer Mannheim Diagnostics 
(Indianapolis, Indiana) and the Hitachi 737 (Tokyo, 
Japan) chemistry analyzer. Apolipoprotein B-contain- 
ing lipoproteins were precipitated with phosphotungstic 
acid and magnesium chloride and subsequent centrifu- 
gation according to the manufacturer’s specifications 
(Boehringer Mannheim Diagnostics). High-density li- 
poprotein (HDL) cholesterol measurement was then 
performed on the supernatant. Low-density lipoprotein 
(LDL) cholesterol was in turn calculated using a modi- 
fied Friedewald formula’: LDL = total cholesterol — 
(HDL cholesterol + triglyceride X 0.16). 

Risk factor assessment: Information on age, body 
mass index (kg/m), smoking, hypertension and diabe- 
tes mellitus, family history of CAD (documented CAD 
in a first-degree relative age <55 years in men and age 
<65 years in women), alcohol consumption (>1 drink/ 
day), diet (adherence io a low fat, low cholesterol diet), 
exercise (>3 times weekly) and current use of medica- 
tions (especially 8 blockers, diuretics and estrogens) 
that may influence serum lipid levels was obtained from 
the medical records and by direct questioning of the 
patients. 

Data analysis: Patients were grouped into those with 
CAD absent or present. Differences between mean age, 
lipid and lipoprotein values between the groups were 
evaluated using Student’s ¢ test. Differences in categori- 
cal variables were measured using Fisher’s exact test. A 
p value <0.05 was considered significant. 

Univariate Spearman correlation coefficients were 


. computed for lipid values and age to characterize their 


relation to the extent and severity of CAD. Stepwise 
multiple logistic regression analysis was used to assess 


TABLE I Characteristics of Study Groups 
Group I (n = 108) 


Group l! (n = 56) 


Absent 
(n = 51) 


Absent 
(n = 32) 


Present 
{n = 24) 


Present 
(n = 57) 


Coronary 
Artery Disease 


Demographics 
Age (years) 

BMI (kg/m2) 
Cardiac risk factors (%) 
Diabetes mellitus 

Systemic hypertension 
Cigarette smoking 
Family history 
Medications (%) 
B blocker 
Diuretics 
Estrogen 
Hygianic factors (%) 
Diet 
Exercise 
Alcohol use 


55+2 62+2t 57+2 65+42* | 
26.7+1 265+1 265+1 248+1 


*p <0.05; tp <0.01 versus coronary artery disease absent. 

Age and bady mass index are expressed as mean + standard error of the mean. The 
other values are percentages of the patient subgroup. 

BMI = body mass index. 





the contribution of each of the variables on zhe occur- 
rence of CAD. Stepwise multiple linear regression anal- 
ysis was used to evaluate the relative importance of sev- 
eral variables in contributing to the extent and severity 
of CAD. 


RESULTS 

Patient characteristics: Clinical data for patients in 
groups I and II, subdivided by the presence or absence 
of CAD, are listed in Table I. CAD was present in 53% 
of the women in group I. Women with CAD were sig- 
nificantly older, and the incidence of diabetes mellitus 
and hypertension was significantly higher in women 
with CAD. A significantly higher number of women 
with CAD were taking a 6-blocking agent, whereas es- 
trogen use was significantly higher among those with- 
out CAD. Women with or without CAD did not differ 
with other variables studied. 

CAD was present in 43% of women in group II. 
Mean age was also significantly higher among women 
with CAD in this group. The incidence of hypertension, 
family history of CAD, and use of 6-blocking agents 
was higher in those with CAD. Diabetes tended to be 
present in more patients with CAD, and more women 
without CAD tended to use estrogens, but these differ- 
ences did not achieve statistical significancz. Women 
with CAD absent or present did not differ with regard 
to any of the other risk factors listed. 

Presence of coronary artery disease: In group I, 
mean levels of total cholesterol and triglycerides were 
not significantly different among patients with versus 
those without CAD (Table II). Mean levels of LDL 
cholesterol were significantly higher, and levels of HDL 
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TABLE H Loi /alues of Study Groups 


Group ! Group I! 


Coronary 


Artery Disease Absent Present Absent Present 


Tota! cholesterol 
(mg/dl) 

LDL cholesterol 
(mg/dl) 


21325: 22627 186422 17525 


133 +5 155 =+ 6* 106 + 3 107 + 4 
HDL cholesterol! 
(mg/d!) 
Triglycerides 
(mg/dl) 
Total cholesterol 
HDL 4.2 +40.2 5520.31 
oe are mean ==andard error of the mean. 
< 0.01; tp < C2001 versus coronary artery disease absent. 
HDi = high- Wises ipoprotein; LDL = low-density lipoprotein. 


48 +45 


137+11]1 155+12 10928 129+183 


3.5+0.2 4.3 + 0.2* 


cholesterol lower in patients with CAD. Mean total/ 
HDL cholesterol ratio was significantly higher in wom- 
en with angto=raphic CAD. 

In Group I, patients with or without CAD were 
also similar vw regard to levels of total cholesterol and 
triglycerides, a= well as LDL cholesterol levels. HDL 
cholesterol terd=d to be lower in those with CAD, but 
this difference was not significant. Of the lipid indices, 
only mean total/HDL cholesterol ratio differed signifi- 
cantly betweex patients with or without CAD, being 
higher in woman with CAD. 

Stepwise rcultiple logistic regression models were 
constructed usg age, levels of total cholesterol, triglyc- 
erides, LDL ad HDL cholesterol, total/HDL choles- 
terol ratio, an the presence of diabetes, hypertension, 
smoking histo-7, 6-blocker use and estrogen use as the 
independent veriables to evaluate the effect of these 
factors on the zccurrence of CAD in groups I and II. 
After adjustment for other risk factors, total/HDL 
cholesterol ratie was the most powerful independent 
variable related io the presence of CAD in both group I 
(p <0.001) ard Group II (p = 0.01). In Group I, age 
(p <0.01) anz lack of estrogen use (p = 0.01) also 
were independently correlated with the presence of 
CAD, whereas: e Group II, age (p <0.05) was the only 
other variable selected after adjustment for other risk 
factors. Levels =f total or LDL cholesterol and triglyc- 
erides were urselated to the occurrence of CAD in el- 
ther group. 

Extent of caronary artery disease: On univariate 
analysis in grouo I, the extent of CAD correlated sig- 
nificantly with +otal/HDL cholesterol ratio (r = 0.41, p 
= 0.00001), LOL cholesterol level (r = 0.33, p = 
0.0006), diabet=s mellitus (r = 0.30, p = 0.002), low 
HDL cholestez=] level (r = —0.28, p = 0.003), age (r 
= 0.28, p = 0 0934), hypertension (r = 0.23, p = 0.02) 
and total cholesterol level (r = 0.22, p = 0.02). 

In group IL 2xtent correlated significantly with age 
(r = 0.39, p = 0.002), total/HDL cholesterol ratio 
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(r = 0.35, p = 0.008), hypertension (r = 0.31, p= 
0.02), and low HDL cholesterol level (r = —0.28, p = 
0.04). 

With stepwise multiple linear regression analyses, 
total/HDL cholesterol ratio (p = 0.00004), age (p = 
0.003) and LDL cholesterol level (p = 0.03) were inde- 
pendently correlated with the extent of CAD in group 
I. In group II, extent was related to age (p = 0.003), 
smoking (p = 0.005) and hypertension (p = 0.025) and 
unrelated to any of the lipid parameters. 

Severity of coronary artery disease: On univariate 
analysis in group I, the severity of CAD correlated sig- 
nificantly with total/HDL cholesterol ratio (r = 0.44, 
p = 0.000002), low HDL cholesterol level (r = —0.32, 
p = 0.0007), diabetes mellitus (r = 0.30, p = 0.002), 
LDL cholesterol level (r = 0.27, p = 0.004), age (r = 
0.27, p = 0.006), hypertension (r = 0.25, p = 0.008) 
and lack of estrogen use (r = —0.24, p = 0.01). 

In group II, severity correlated significantly with to- 
tal/HDL cholesterol ratio (r = 0.48, p = 0.0002), dia- 
betes mellitus (r = 0.34, p = 0.01), low HDL cholester- 
ol level (r = —0.32, p = 0.02) and hypertension (r = 
0.26, p = 0.05). 

On stepwise multiple logistic regression analysis, to- 
tal/HDL cholesterol ratic (p = 0.0001) and age (p = 
0.0004) were significantly correlated with severity in 
group I. In group II, total/HDL cholesterol ratio (p = 
0.0002) was the lone variable independently associated 
with severity. 


DISCUSSION 

The results of this study indicate that among women 
undergoing diagnostic coronary angiography for sus- 
pected CAD, total/HDL cholesterol ratio is the lipid 
parameter most predictive of the presence, severity and 
extent of CAD after adjustment for other risk factors 
(group I), and most predictive of presence and severity 
in women with total cholesterol level <200 mg/dl. Fur- 
thermore, on multiple regression analyses, age was in- 
dependently asscciated with the presence, extent and 
severity of CAD in group I and presence and extent in 
group II. None of the other variables was independent- 
ly related to severity in either group. Lack of estro- 
gen use was independently associated with presence of 
CAD. LDL chalesterol was independently associated 
with extent of CAD in group I, and hypertension was 
the only other variable associated with extent in group 
II. Total cholesterol and triglyceride levels did not dis- 
tinguish between patients with versus those without 
CAD in either group. 

Our previous work‘ and other epidemiologic and an- 
giographic studies have also shown that total/HDL 
cholesterol ratio is a reliable discriminator of the pres- 
ence of CAD in women, regardless of the level of total 
cholesterol.®? The ratios of 4.5 to 5.0 seem to be di- 
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chotomous, in agreement with our finding. Further- 
more, the ratio was a significant discriminator of the 
presence, severity and extent of CAD in women in a 
previous angiographic study.'° Recently, Miller et al!! 
showed that the ratio is significantly higher among 
women with total cholesterol <200 mg/dl, the ratio is 
significantly higher in women with than without CAD. 
Thus, despite different study designs and definitions of 
CAD, total/HDL cholesterol ratio emerges as the most 
powerful lipid parameter predictive of CAD in women. 
On the other hand, the Framingham Study suggested 
that levels of HDL cholesterol and triglycerides are im- 
portant predictors of CAD, especially in elderly wom- 
en.®!2 This discrepancy is possibly due to the fact that 
the Framingham Study was an epidemiologic study 
without angiographic demonstration of CAD. The Cor- 
onary Artery Surgery Study Registry showed that clin- 
ical definition of CAD in women may not be as reli- 
able, because only 50% of women with a clinical diag- 
nosis of angina had angiographic CAD.'3 

Our definition of CAD merits explanation. Recent 
studies have suggested that the initial angiographic se- 
verity of coronary stenoses does not predict the time or 
the location of subsequent coronary occlusion,'* and 
that plaques producing only mild to moderate angio- 
graphic luminal stenosis comprise the majority of those 
undergoing abrupt rupture, resulting in acute ischemic 
syndromes.!° Coronary vasomotor studies have shown 
that even angiographically normal-appearing coronary 
segments in patients with CAD may have diffuse endo- 
thelial dysfunction, indicating early atherosclerosis that 
is not yet detectable by angiography.!© Thus, we chose 
our definition of CAD as 225% luminal diameter nar- 
rowing in order to identify patients with early, but not 
necessarily clinically significant atherosclerosis. 

Postulated mechanisms: Previous studies in women 
have shown that total/HDL cholesterol ratio is a signif- 
icant predictor of CAD; thus, it is unlikely that our 
result is a chance finding. Other angiographic studies 
have not found the ratio to be predictive, either because 
the ratio was not measured,!’ or because the number of 
patients may have been too small TB A possible explana- 
tion for our result is that we chose 25% luminal diame- 
ter narrowing as the presence of CAD and the ratio 
may be the best predictor of early CAD. Furthermore, 
the increasing ratios with the presence of CAD may 
reflect the lipid changes that occur with aging. The 
Framingham Study!? showed that LDL cholesterol and 
triglycerides, and thus total cholesterol levels increase 
with aging, whereas levels of HDL cholesterol stay rel- 
atively constant. This trend would result in increasing 
total/HDL cholesterol ratios with aging. This hypothe- 
sis is supported by the fact that age is an independent 
predictor of CAD. Alternatively, the increasing ratio 
may reflect the additive effect of varying cardiac risk 


factors; HDL cholesterol level can be adversely affected 
by diabetes, cigarette smoking and other hygienic fac- 
tors,2° and with the presence of more risk factors, the 
likelihood of CAD increases. !? 

Need for detecting early coronary artery disease in 
women: Although CAD occurs about a decade later in 
women than in men,?! and is uncommon in premeno- 
pausal women, women with overt CAD have a worse 
prognosis than men. Women, especially black women 
who experience a myocardial infarction, have increased 
morbidity and mortality than men. 22 Women under- 
going coronary artery bypass grafting tend to have a 
higher rate of incomplete revascularization, reduced 
graft patency rate, less symptomatic relief? and higher 
operative mortality2* when compared with men. Simi- 
larly, percutaneous transluminal coronary angioplasty 
tends to be less successful in women 27 Recent regres- 
sion studies would suggest that it is possible to reverse 
the atherosclerotic process.2° Thus, it is essential to 
identify women at risk of CAD who might benefit from 
efforts to alter their risk factors. 

Study limitations: As with other studies, black wom- 
en comprised a relatively small percentage (26%) of the 
subjects in the present study. However, previous reports 
have similarly identified total/HDL cholesterol ratio as 
the most predictive indicator of CAD among black 
women.?’ Only 1 set of lipid measurements was ob- 
tained from each patient, although recent studies sug- 
gest that there can be significant day-to-day variability 
of serum lipid levels*® and wide within-person fluctua- 
tions.*? Because our patients were preselected for coro- 
nary angiography, they are neither a representative 
sample of women in the general population, nor that of 
women with CAD. 

Future studies: Major lipid intervention studies have 
generally excluded women from consideration; thus, the 
benefits of altering lipid values and the subsequent rate 
of coronary events have not been established in women. 
Such a study with women as the principal participants 
needs to be performed to address whether lipid inter- 
vention is beneficial in women. Moreover, the relation 
between lipid values and CAD in black women has not 
been well established, despite the fact that black wom- 
en may have a poorer prognosis after a coronary event 
than their Caucasian counterparts.” 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Radiofrequency Catheter Ablation of Accessory 
Pathways: A Learning Experience 


Richard A. Leather, MD, James W. Leitch, MB, BS, George J. Klein, MD, 
Gerard M. Guiraudon, MD, Raymond Yee, MD, and You Ho Kim, MD 


Success rates of approximately 90% have re- 
centiy been reported with radiofrequency cathe- 
ter ablation of accessory pathways. This study 
determined whether this success could be re- 
peated using a conservative approach generally 
limiting fluoroscopy time to 1 hour. Consecutive 
patients referred for management of arrhyth- 
mias associated with accessory atrioventricular 
pathways were included over a 9-month period. 
Ablation was attempted in 75 patients with 84 
pathways. Overall success rate (including second 
attempts in 9 patients) was 60 of 84 accessory 
pathways (719%). Success rates for the first 3 
months (n = 23) were 52%, the second 3 months 
(n = 23) 60% and the last 3 months (n = 38) 
$0%. Success rate varied with pathway location, 
with left lateral pathways having the best early 
success rates. Mean fluoroscopy time for suc- 
cessful procedures of 33 + 21 minutes was 
shorter than the time for unsuccessful proce- 
dures of 63 + 24 minutes (p = 0.001). There 
were no major complications and no patients 
with successful precedures (n = 53) have had re- 
currence of accessory pathway conduction or re- 
ciprocating tachycardia (follow-up 1 to 10 
months). A conservative approach can yield suc- 
cess rates approaching 90% in a short time. The 
absence of major complications supports earlier 
reports suggesting that radiefrequency catheter 
ablation of accessory pathways is a reasonable 
first-line therapy in the Wolff-Parkinson-White 
syndrome. 

(Am J Cardiol 1991;68:1651-—1655) 
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White syndrome is pharmacologic with opera- 

tive therapy indicated when drug therapy is not 
satisfactory. Recent reports describe a new technique 
that involves positioning a catheter at the site of 
the accessory pathway and ablating it with radiofre- 
quency energy. 12 The remarkable success with this 
technique has led to the suggestion that ablation be a 
primary therapy in the Wolff-Parkinson-White syn- 
drome.! However, it is still unclear to what extent these 
results are reproducible or to what extent they are a 
reflection of outstanding commitment by dedicated per- 
sons. We describe our initial experience using catheter 
ablation as first-line therapy in a consecutive series of 
patients with accessory atrioventricular pathways. 


T raditional management of Wolff-Parkinson- 


METHODS 

Patients: Seventy-five consecutive patients were re- 
ferred for evaluation and treatment of Wolff-Parkin- 
son-White syndrome. Ablation was attempted in all pa- 
tients unless findings did not warrant ablation or if 
patients were referred expressly for operative or phar- 
macologic therapy. All patients provided written and 
verbal informed consent. 

Diagnostic study: The diagnostic techniques and cri- 
teria used in our laboratory have been described.° Elec- 
trode catheters were positioned in each of the high right 
atrium, His bundle regions and right ventricular apex 
through the right femoral vein. A multipolar catheter 
was positioned in the coronary sinus by way of the left 
subclavian vein. Programmed stimulation consisted of 
incremental atrial and ventricular pacing to block and 
extrastimulus testing using at least single extrastimuli 
at 2 cycle lengths. The goals of the study were to dem- 
onstrate the participation of the accessory pathway in 
patients’ arrhythmias and to localize accessory path- 
ways. Programmed electrical stimulation was repeated 
after ablation. 

Catheter ablation: Patients were sedated with mida- 
zolam and fentanyl. A 5,000 U bolus of heparin was 
given when catheters were positioned in the left atrium 
or left ventricle. Ablation immediately followed the di- 
agnostic study. A 7Fr quadripolar deflectable catheter 
(Mansfield-Webster, Watertown, Massachusetts) with 
a 4 mm tip was used. The atrial ventricular region was 
mapped in the area of interest looking for electrograms 
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with both atral and ventricular potentials (“ring” elec- 
trogram) (sure 1). Optimal position consisted of sites 
showing eari=st ventricular activation during antero- 
grade preexc&ation or earliest atrial activation during 
retrograde p-2excitation, or both. The bipolar electro- 
gram betweer the distal and the second electrode (fil- 
tered at 40 +2 400 Hz) and the unipolar electrogram 
from the diszal tip (filtered at 0.50 to 400 Hz) were 
recorded with. 5 surface leads and selected intracardiac 
leads. Orientazion to the atrioventricular ring was facili- 
tated by the standard catheters positioned at the His 
bundle and ccronary sinus. 

One or more of the following criteria determined the 
site of anterozrade preexcitation: (1) the presence of 
atrial and vencricular electrograms on the same record- 
ing, each wat a rapid intrinsic deflection; (2) the pres- 
ence of an eectrogram compatible with an accessory 
pathway potential between the atrial and ventricular 
electrograms r the presence of continuous electrical 
activity between the atrial and ventricular electrograms, 
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FIGURE 1. Recerdings before ablation in a patient with a 
right free wall pathway. Atrial (A) and ventricular (V) poten- 
tials on the abla-ion catheters (ABL) recording both have rapid 
intrinsic deflectieis indicating proximity to the tricuspid valve 
anulus. The ableton catheter tip is close to the accessory 
pathway since the ventricular potential precedes the onset of 
the delta waves rm the electrocardiogram. A fast initial nega- 
tive deflection oa the ventricular component of the unipolar 
electrogram alsc indicates proximity to the onset of ventricu- 
lar activation. AER RB = ablation catheter bipolar recording; 
ABL-U = ablatio: catheter unipolar recording; leads I, H, Hl, 
Na and Vs = surizce electrocardiogram. 





possibly representing accessory pathway activation; (3) 
the recording of the intrinsic deflection of the ventricu- 
lar electrogram preceding the onset of the delta wave 
on the surface electrocardiogram; and (4) a QS pattern 
on the unipolar ventricular electrogram with the rapid 
intrinsic deflection preceding the onset of the delta 
wave. 

One or more of the following criteria were used for 
determining the site of retrograde preexcitation during 
reciprocating tachycardia: (1) the presence of a “ring 
electrogram” as previously defined; (2) the presence of 
an accessory pathway potential between the ventricular 
and atrial electrograms; and (3) the site of earliest re- 
corded retrograde atrial activation during tachycardia. 

Left lateral accessory pathways: Mapping was at- 
tempted from the ventricular side of the anulus in all 
cases. The ablation catheter was advanced from the 
femoral artery in retrograde manner across the aortic 
valve and moved under the mitral valve between the 
leaflet and the endocardial surface of the posterior and 
lateral left ventricular wall. Adequate position was ob- 
tained when the ablation catheter tip moved synchro- 
nously with the adjacent coronary sinus catheter. When 
acceptable positions could not be obtained from the 
ventricular side, the mitral valve anulus was mapped 
from the atrial side. A transeptal approach was used to 
map the atrial aspect of the mitral valve anulus in 3 
cases. 

Other accessory pathways: For right-sided accesso- 
ry pathways, mapping of the tricuspid valve anulus was 
performed through the right femoral vein. If difficulty 
was encountered, catheter manipulation was done from 
the left subclavian vein. For posteroseptal accessory 
pathways, early atrial or ventricular potentials were 
sought around the coronary sinus ostium. When the 
earliest potentials were >10 mm within the coronary 
sinus, mapping was done from the left ventricle as de- 
scribed. 

Energy source: Radiofrequency current (400 to 600 
mA.) was applied between the 4 mm tip electrode of the 
ablation catheter and a back plate. Initially, an electro- 
surgery unit (Valley Lab, Boulder, Colorado) deliver- 
ing a 500 kHz continuous wave was used with coagula- 
tion energy. An ammeter allowed real-time assessment 
of current flow. The last 15 cases were done using 
a Radionics RFG-3C radiofrequency lesion generator 
(Radionics Inc., Burlington, Massachusetts), which al- 
lowed simultaneous measurement of current, voltage, 
power and impedance. For the last 4 months a filter 
that allowed observation of surface and intracardiac 
electrograms during radiofrequency current delivery 
(Bloom Associates, Reading, Pennsylvania) facilitated 
real-time assessment of the loss of preexcitation (Figure 
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TABLE |! Clinical Character stics of Patients 
Pts. (n = 75) 


Accessory pathways 


Retrograde-only conduction 
Accessory pathway locatior 
Left lateral 
Posterosepta! 
Right fee wall 
Anteroseptal 


2). Current was generally discontinued if a therapeutic 
effect was not observed within 5 to 10 seconds or with 
an increase in impedance. 

Variables assessed and data analysis: End points 
assessed were success rates, fluoroscopy time and total 
number of radiofrequency applications. Success was de- 
fined as a loss of accessory pathway conduction that 
persisted for >30 minutes in the electrophysiology labo- 
ratory with no late return of preexcitation or tachycar- 
dia. An obtunded accessory pathway was one in which 
pathway conduction was temporarily lost or the acces- 
sory pathway refractory period or block cycle length 
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TABLE Il Results of Radiofrequency Accessory Pathway 
Ablation 


No. of Patients (total) 


No. of Accessory Pathways (total) 


Success % Success 
60 71 


Success % Success 
75 53 71 84 


Group! 20 II 55 23 
Group if 22 13 59 23 
Group lil 33 29 88 38 


All Groups* 


LL 53 42 79 57 
PS 15 7 47 16 
RFW 8 4 47 16 
RAS 2 2 100 2 
*Three patients had 2 accessory pathways in different regions. 
Group | = September to November; Group 11 = December to February; Group IIl = 


March to May; LL = left lateral; PS = posteroseptal; RAS = right anteroseptal; RFW 
right free wall, 


was prolonged by >50 ms. To assess the effects that 
experience had on success rates, results were analyzed 
in 3-month intervals from September 1990 to May 
1991. Continuous variables were expressed as mean + 
standard deviation. Procedural variables were com- 
pared using Student’s ¢ test for unpaired data. A p val- 
ue <0.05 was considered significant. 





FIGURE 2. Records during ablation of patient in Figure 1. The electrograms at the ablation site (Figure 1) are not recorded dur- 


~ ing current delivery. Onset of current is indicated by the artefact noted on the intracardiac records. Accessory pathway conduc- 


tion is lost within 1 cycle. H = His; HBE = His bundle electrogram; HRA = high right atrium; other abbreviations as in Figure 1. 
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TABLE Ill Gapuccesehates for Radiofrequency Accessory 
Pathway Ableaon by Accessory Pathway Location 


Group | Group I! Total 


Group IH 


AP Location g (%) n (%) n (%) 


10,15 67 10/14 71 25/28 89 44/57 77 
2.7 29 2/4 50 4/5 80 8/16 50 
Cl O 1/4 25 4/4 100 5/9 56 
— — 1/1 100 1/1 100 2/2 100 


AP = accessor 2athway; n = number of accessory patwa ablated/number of 
accessory pathwa*e<ttempted; other abbreviations as in Table Il. 


(%) n 





RESULTS 

Patients and pathways: Ablation was attempted in 
75 patients (£5 men) with 84 accessory pathways. The 
median age as 26 years (range 8 to 67). All had re- 
current supraventricular tachycardia or atrial fibrilla- 
tion with rapid ventricular rates (Table I). 

Fifty-five ef 84 accessory pathways were ablated on 
the initial attempt for a success rate of 66%. Nine pa- 
tients underwent a second attempt and this succeeded 
in 5 (3 left lateral and 2 posteroseptal accessory path- 
ways). Therefire, overall success was 60 of 84 accesso- 
ry pathways 171%) or 53 of 75 patients (71%). Success 
rates varied with location of the accessory pathway 
(Table IT). 

Clinical experience with time: Results were exam- 
ined for 3 cocsecutive intervals. The groups included 
patients in wa=m ablation was attempted from Septem- 
ber to Noves:ser 1990 (group I), December 1990 to 
February 1931 (group II) and March to May 1991 
(group III). 

For the 20. zroup I patients, overall success rate for 
the 23 accessz=ry pathways was 52% (12 of 23). Twen- 
ty-two patients with 23 accessory pathways underwent 
ablation atterrpts between December 1990 and Febru- 
ary 1991 (erop H), with an overall success rate of 
60% (14 of 237. In the final 3 months (group II), abla- 
tion was attempted in 33 patients with 38 accessory 
pathways, wiz an overall success rate of 90% (34 of 
38) (Table I>. 

Fluoroscopy time included the time taken for the 
diagnostic procedure and the time spent mapping and 
ablating. This was not systematically documented dur- 
ing the first = months but generally did not exceed 60 
minutes. Fluczoscopy time was therefore assessed for 
only group II and III patients. Mean time for success- 
ful ablation fo~ all accessory pathway ablations was 33 
+ 21 minute (range 6 to 88). As expected, mean 
fluoroscopy Lee was longer for unsuccessful proce- 
dures at 63 + 24 minutes (range 20 to 91) (p = 0.001). 

Number oi ablation attempts: The number of ra- 
diofrequency <~pplications for successful ablation was 
markedly different than the number for unsuccessful 


ablation. Mean number of attempts for group I patients 
in whom ablation was successful was 4.8 + 3.9 (range 
1 to 14). For group II patients the mean was 5.4 + 4.2 
(range 1 to 18) and for group III patients it was 6.2 + 
5.0 (range 1 to 20). Mean number of attempts for all 
groups with unsuccessful ablations was higher (14.4 + 
9.5 vs 5.7 + 4.6, p <0.0001). The maximum number 
of attempts was 32, with 9 of 27 patients with failed 
accessory pathway ablation having >20 attempts. 
Myocardial damage and complications: Creatinine 
kinase-MB fractions were determined immediately and 
every 8 hours for 24 hours after ablation. The upper 
level of normai in our laboratory is 10 U/liter. Mean 
peak of 7.9 + 6.5 U/liter for 41 patients with success- 
ful ablations was slightly <11.4 + 9.3 U/liter for 21 
patients with unsuccessful ablations (p = 0.08). All pa- 
tients were observed in the arrhythmia monitoring unit 
for 48 hours. Pneumothorax related to subclavian vein 
puncture (n= 1), incomplete perforation of the left 
atrial appendage noted incidentally at elective surgery 
(n = 1), atrial fibrillation during radiofrequency cur- 
rent delivery (n = 2) and ventricular fibrillation with an 
abrupt increase in impedance (n = 2) were noted. 
Follow-up: Fifty-three patients had successful proce- 
dures as assessed by clinical and electrocardiographic 
follow-up (n = 43) or by repeat electrophysiologic 
study at 3 months (n = 10). Twenty-two patients had 
unsuccessful procedures. Of these 22 patients, 15 un- 
derwent operative ablation (left lateral 7, posteroseptal 
6, right free wall 2). In 10 patients the accessory path- 
way was either lost temporarily or conduction was se- 
verely impaired (obtunded). Two patients underwent 
surgery, and 3 asymptomatic patients returned for test- 
ing at 3 months and had no accessory pathway conduc- 
tion. Three patients have had spontaneous reciprocating 
tachycardia, of whom 2 have undergone successful ab- 
lation on a second study and 1 awaits repeat cathe- 
ter ablation. Two patients had inducible reciprocating 
tachycardia but no spontaneous recurrence. 


DISCUSSION 

With the recent emergence of catheter ablation for 
the treatment of symptomatic Wolff-Parkinson-White 
syndrome,® an increasing number of centers are begin- 
ning an ablation program. Because of fears about radi- 
ation exposure and complications with catheter ma- 
nipulation and current delivery in the ventricles, there 
are concerns about the safety of the procedure relative 
to time-proven therapies such as surgical ablation. In 
experienced centers, operative ablative therapy 1s virtu- 
ally 100% successful with little mortality or morbid- 
ity.?® Our approach as we began ablating accessory 
pathways was to integrate ablation with the surgical 
program and avoid excessively prolonged ablation pro- 
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cedures during our learning phase. Fluoroscopy time 
was limited to 60 minutes unless circumstances com- 
pelled us to continue for a brief time longer. Our initial 
success rate of 52% reflected this conservative ap- 
proach. During the latter part of our 9-month series, 
success rates approached 90%. 

Improvement in success over time was noted for left 
lateral, posteroseptal and right free wall accessory path- 
ways. The learning curve for lateral accessory pathways 
was steeper than for other pathway locations. This re- 
flected the usually greater ease in mapping along the 
mitral valve anulus compared with mapping the atrial 
side of the tricuspid valve anulus. Improvements in 
identification of optimal electrograms on the ablation 
catheter recordings also contributed to success. Finally, 
success was also importantly related to acquiring opti- 
mal equipment to deliver and monitor ongoing ablation. 
The acquisition of filters that allowed clear observation 
of the surface and intracardiac electrograms during ra- 
diofrequency application was a key technical improve- 
ment. 

Complications during and after the procedure were 
few and were primarily arrhythmic. Acute atrial and 
ventricular fibrillation have not been previously empha- 
sized and were likely due to direct electrical effects as 
impedance rapidly increased. The development of de- 
vices that monitor tip temperature and impedance and 
automatically discontinue current should eliminate this 
complication.!° Other previously reported serious com- 
plications were not observed.' Although not prospec- 
tively evaluated, there was no evidence for impairment 
of left ventricular function. It has been previously 
shown that radiofrequency current delivered at energy 
levels and durations similar to those used by us result in 
small, discrete lesions.>1%!! The very minimal myocar- 
dial damage was reflected in the small increase seen in 
the creatinine kinase level. 


rr rr 


These data support the suggestion of others that ra- 
diofrequency catheter ablation is reasonable first-line 
therapy in Wolff-Parkinson-White syndrome. A con- 
servative approach, limiting fluoroscopy time in most 
cases to 60 minutes, will yield success rates approaching 
90% in a relatively short time. 
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Reduction in Medical Care Cost Associated with 
Radiofrequency Catheter Ablation of 
Accessory Pathways 
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Hugh Calkins, MD, Jonathan J. Langberg, MD, William H. Kou, MD, and Fred Morady, MD 


The cost ot definitive therapy was compared in 


25 patients who underwent radiofrequency cath- 
eter ablatie:: of accessory pathways in 1990 and 
25 patients ‘who underwent surgical ablation of 
accessory tathways in 1989. In the radiofre- 
quency grcap, 23 of 25 patients had a single ac- 
cessory paltiway and the remaining 2 patients 
each had 2 accessory pathways. In the surgical 
group, 20 patients had a single accessory path- 
way and 5 patients each had 2 accessory path- 
ways. The saccess rate was 96% in each group. 
The mean duration of hospitalization was 3 + 1 
days in the radiofrequency group and 9 + 4 days 
in the surgical group (p <0.0001). All the cost 
data are expressed in fiscal year 1990/1991 
dollar values. The total cost of therapy in the ra- 
diofrequenc; group was $14,919 + $6,740 
compared wath $53,265 + $12,755 in the surgi- 
cal group (p <0.0001). The cost of radiofrequen- 
cy ablation consisted of a hospital charge of 
$7,753 i $3,472 and physician fees of $7,166 
+ $3,439. The hospital charge included charges 
for use of the electrophysiology laboratory, hos- 
pital stay, electrocardiograms, echocardiograms 
and blood siudies. The cost of surgery consisted 
of a hospita! charge of $37,708 + $10,179 and 
physician fe2s of $15,557 + $3,149. The hospi- 
tal charge ix the surgical group included the 
costs of a baseline electrophysiology study, in- 
hospital care and a follow-up office visit. In con- 
clusion, radiz frequency catheter ablation of ac- 
cessory pathways results in a dramatic reduction 
in the cost ef definitive therapy in patients with 
the Woiff-Perkinson-White syndrome. 

Am J Cardiol 1991;68:1656~—1661) 
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shown to be a safe and efficacious means of 

interrupting accessory pathway conduction.!.2 
This treatment method has a high degree of patient 
acceptance because it eliminates the need for open- 
chest surgery. An important additional advantage of 
this therapy is the anticipated cost-savings associated 
with its use, but few data on this aspect have been pub- 
lished to date. Therefore, this study describes the cost 
of accessory pathway ablation using radiofrequency 
current and compares this cost with that of a standard 
surgical approach.? 


R adiofrequency catheter ablation has been 


METHODS 

This was a retrospective study of 25 consecutive pa- 
tients who underwent surgical ablation of accessory 
pathways in 189 and 25 consecutive patients who un- 
derwent radiofrequency ablation of accessory pathways 
in 1990. All the patients in the study were referred 
to the University of Michigan Medical Center for 
management of recurrent supraventricular tachyarr- 
hythmias. 

Electrophysiologic study: All patients underwent a 
diagnostic electrophysiologic test at least 5 half-lives af- 
ter discontinuation of all antiarrhythmic drugs and af- 
ter providing informed consent. Three 6Fr quadripolar 
catheters were inserted into a femoral vein and posi- 
tioned at the high right atrium, across the tricuspid 
valve to record the His bundle electrogram and against 
the right ventricular apex or septum. An additional 
quadripolar catheter was inserted into the subclavian or 
internal jugular vein and positioned in the coronary si- 
nus. After the catheters were in place, 3,000 U of hepa- 
rin were administered intravenously. Programmed atri- 
al and ventricular stimulation was performed using a 
Bloom DTU 201 stimulator (Bloom Associates, Nar- 
beth, Pennsylvania). Standard techniques were used to 
elucidate the presence of an accessory pathway and to 
confirm its participation as a critical limb of the tachy- 
cardia circuit.4 A Siemens-Elema Mingograf 7 ink-jet 
recorder provided both a continuous oscilloscopic dis- 
play and a permanent record of leads V,, I and HI and 
the intracardiac electrograms. 

Radiofrequency ablation group: The group com- 
prised 11 men and 14 women (mean age 40 + 16 
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years, range 14 to 74). Mean duration of symptoms 
was 21 + 17 years (range of 1 month to 60 years). 
They had been treated with a mean of 2 + 1 antiar- 


_- rhythmic drugs before undergoing radiofrequency abla- 


tion and most of these érugs had been poorly tolerated 
or were ineffective. Twenty-three of the 25 patients had 
a single accessory pathway and the remaining 2 pa- 
tients each had 2 accessory pathways. Fifteen of the 
accessory pathways were left-sided, 9 were septal and 3 
were right-sided; 17 displayed manifest preexcitation 
and 10 were concealed. 

On completion of the diagnostic portion of the elec- 
trophysiologic study, radiofrequency catheter ablation 
was attempted during the same session. The ablation 
protocol was approved by the Human Research Com- 
mittee at the University of Michigan and all patients 
provided written informed consent before undergoing 
the procedure. Radiofrequency ablation was performed 
using a 7Fr quadripolar deflectable tip catheter with a 
4 mm distal electrode and 5 mm interelectrode spacing 
(Mansfield, Watertown, Massachusetts). For left-sided 
accessory pathways, the catheter was advanced from 
the femoral artery to the left ventricle and positioned in 
the atrioventricular sulcus under the mitral valve anu- 
lus. For right-sided accessory pathways, the catheter 
was advanced from the inferior cava to the right atrium 
at the level of the tricuspid valve. For septal accessory 
pathways, the ablation catheter was advanced from the 
superior or inferior vena cava to the coronary sinus os 
or the anterior atrial septum. A detailed description of 
the mapping and ablation technique has been previous- 
ly provided.? 

On completion of the radiofrequency ablation proce- 
dure, the patients were admitted to a telemetry unit for 
48 hours of monitoring. Three serial blood samples 
were obtained at 8-hour intervals for determination of 
the plasma concentrations of creatine kinase and its 
MB subfraction. A daily 12-lead electrocardiogram 
was recorded and cross-sectional echocardiography and 
Doppler study were performed within 24 hours of the 
radiofrequency ablation. In patients in whom the acces- 
sory pathway was concealed, a brief electrophysiologic 
test was performed after 48 hours to confirm successful 
ablation. In patients in whom the accessory pathway 
was manifest, the absence of delta waves on the 48- 
hour electrocardiogram was regarded as evidence of a 
successful outcome and a repeat electrophysiologic 
study was not performed before discharge from the 
hospital. All patients underwent a final electrophysio- 
logic test aiter 3 months on an outpatient basis to assess 
the long-term efficacy of the procedure. 


A Surgical group: This group comprised 14 men and 


11 women (mean age 30 + 11 years, range 13 to 60). 
The mean duration of symptoms was 11 + 11 years 
(range 1 month to 40 years). The patients had been 


treated with 2 + 2 antiarrhythmic drugs before under- 
going surgery. These drugs had been ineffective or asso- 
ciated with unacceptable side effects for almost all of 
the patients. Twenty of the 25 patients had a single 
accessory pathway and the remaining 5 patients each 
had 2 accessory pathways. Twenty of the accessory 
pathways were left-sided, 8 were septal and 2 were 
right-sided; 20 displayed manifest preexcitation and 10 
were concealed. 

Surgical ablation was performed using an endocar- 
dial approach.? After the induction of general anesthe- 
sia, the chest was opened through a median sternotomy 
incision. The accessory pathway(s) was localized using 
standard mapping techniques* and the patient was then 
placed on cardiopulmonary bypass. When the surgical 
ablation was completed the patient was weaned from 
cardiopulmonary bypass and intraoperative epicardial 
mapping was repeated to evaluate the efficacy of the 
surgical dissection. Before discharge from the hospital, 
bedside pacing using temporary epicardial pacing leads 
was performed to confirm a successful surgical result. 

Cost analysis: Retrospective review of each patient’s 
clinical record was performed to determine the number, 
duration and dates of hospital admissions and the num- 
ber and dates of office visits that were related directly 
to the ablation procedure. Only charges billed from the 
University of Michigan Medical Center were included 
in the present analysis. The costs incurred by each pa- 
tient were divided into hospital and physician charges. 
Itemized bills were obtained from the patients’ accounts 
office for all ablation-related admissions and office vis- 
its. The hospital costs include the charges for room and 
board, operating room or electrophysiology laboratory 
charges, and charges for nursing and ancillary care, 
drugs, blood tests, x-rays, electrocardiograms and echo- 
cardiograms. The analysis incorporated the cost of a 1- 
month follow-up office visit and an electrocardiogram 
at rest for all patients. All patients treated surgically 
had a chest x-ray during the follow-up office visit and 
this cost was also included. 

Physician charges for all ablation-related hospital 
admissions and office visits were obtained from the rel- 
evant physician-associates groups at the University of 
Michigan Medical Center. The cost of the 3-month fol- 
low-up electrophysiologic study in the radiofrequency 
ablation group was excluded from the present analysis 
because the indication for this study was based on the 
investigational nature of the procedure and the need to 
document accurately its long-term effects. As radiofre- 
quency ablation becomes established in clinical prac- 
tice, this follow-up study will not be necessary. 

To conduct a valid comparison and to provide cost 
data that are meaningful in 1991, an adjustment was 
made to convert all costs to their 1990/1991 fiscal year 
dollar values. The annual increase in hospital charges 
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TABLE I Age, Number of Accessory Pathways, Duration of Hospital Stay and Individual Costs in 25 Patients Undergoing Surgical 


Ablation 


Hospital 


Pt. No. Age (yr) No. cf APs Stay (days) 


O ON Om A Ww Mr 


] 
1 
d 
i 
l 
l 
l 
2 
S 
2 
L 
L 
1 
l 
l 
2 
L 
H 
2 
1 
l 
1 
l 
l 


Mean + SÈ 30 + 11 


Totaj 
Charges ($) 


Hospital 
Charges ($) 


35,437 
30,815 
28,668 
34,977 
33,931 
33,470 
41,163 
36,053 
32,441 
45,218 
33,590 
46,893 
33,781 
36,068 
30,031 
28,945 
62,111 
38,324 
33,839 
72,636 
35,659 
40,844 
37,203 
28,892 
31,714 


37,708 + 10,179 


Physician 
Charges ($) 


16,280 
14,585 
15,308 
16,898 
10,937 
15,945 
17,586 
15,774 
15,616 
15,633 
14,574 
17,647 
14,681 
10,319 
15,286 
15,178 
22,625 
14,443 
13:931 
24,892 

9,832 
15,099 
15,685 
14,477 
15,700 


15,557 £ 3,149 


47,770 
97,528 
45,491 
55,943 
52,888 
43,369 
47,414 


53,265 + 12,755 





APs = accesscry pathways; SD = standard deviation. 


and physician fees was obtained from the University of 
Michigan Medical Center budget and medical service 
plan offices respectively. The annual increase in hospi- 
tal charges was 7.4% for fiscal year 1989/1990 and 
13.1% for fiscal year 1990/1991. The annual increase 
in physiciar fees was 7.36% for fiscal year 1989/1990 
and 5.7% for fiscal year 1990/1991. The annual physi- 
cian fee inc-ease is based on the Physicians Services 
Index of the Consumer Price Index using the 3-month 
period of February through April. The dollar values 
presented in this study represent the mean total of what 
was billed t each patient for either radiofrequency or 
surgical ablation. The cost to charge ratio expresses the 
actual cost of delivering a service as a proportion of 
what is billed to the patient for providing that service. 
In the present study, the cost-to-charge ratio for hospi- 
tal services was 0.56 in the radiofrequency group and 
0.61 in the surgical group. Cost-to-charge ratios are not 
available fo- professional fees. 

Statistical analysis: The costs of radiofrequency and 
surgical abl=tion were compared using the unpaired t 
test. A p vate <0.05 was considered significant and all 
numerical dzta are expressed as mean + standard devi- 
ation. 


RESULTS 

Patient characteristics: The patients in the radiofre- 
quency group were significantly older than the patients 
in the surgtal group (40 + 16 vs 30 + 11 years; p 


<0.01). The duration of arrhythmia symptoms before 
ablation was significantly longer in the radiofrequency 
group than in the surgical group (21 + 17 vs 11 4 11 
years; p <0.05). There was no significant difference in 
the mean number of antiarrhythmic drugs used to treat 
patients before they underwent ablation (1.9 + 1.4 in 
the radiofrequency group versus 2.4 + 1.6 in the surgi- 
cal group). 

Efficacy of ablation: Radiofrequency ablation was 
achieved successfully in 22 of 25 patients (88%) during 
a single hospital admission and in 2 of 25 patients (8%) 
during 2 hospital admissions. Surgery was successful 
for 24 of 25 patients (96%) and 21 of 25 patients had a 
single hospital admission. Among the 4 patients who 
had >1 hospital admission, 3 patients required 2 hospi- 
tal admissions and 1 patient had 3 hospital admissions. 
This latter patient (no. 12, Table I) was referred for 
management of refractory supraventricular tachycardia 
and had a 1-day hospital admission for a baseline elec- 
trophysiologic study and stabilization on a medical regi- 
men pending surgery. He had a 7-day admission for 
surgical ablation of a concealed left-sided accessory 
pathway and a 2-day readmission 9 days after dis- 
charge from the hospital for management of atrial fi- 
brillation. 


Cost data (Tables I and Il): The mean total cost of - 


definitive therapy in the radiofrequency group was 
$14,919 + $6,740 compared with $53,265 + $12,755 
in the surgical group (p <0.0001). Analysis of the 


1658 THE SMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 


TABLE Il Age, Number of Accessory Pathways, Duration of Hospital Stay and Individual Costs in 25 Patients Undergoing 


Radiofrequency Ablation 


Hospital 


Pt. No. Age (yr) No. of APs Stay (days) 


1 
1 
ii 
1 
1 
1 
l 
2 
1 
1 
1 
1 
1 
uf 
D 
1 
1 
1 
1 
2 
1 
1 
l 
1 
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Mean + 5D 40+ 16 


DA 


Total 
Charges ($) 


9,401 
17,611 
10,019 
12,476 

7,948 
12,736 
16,178 
31,686 
16,473 
16,116 

9,916 
17,885 
31,979 
10,987 

9,706 
10,637 

9,622 

9,226 
21,788 
25,774 
15,742 
10,312 
10,464 
17,920 
10,382 


14,919 + 6,740 


Hospital 
Charges ($) 


Physician 
Charges ($) 


4,440 
8,380 
4,702 
4,974 
5,351 
5,243 
7,181 
16,537 
9,491 
8,904 
5,160 
8,711 
15,387 
4,203 
4,393 
5,018 
4,767 
4,242 
9,335 
12,684 
rae, 
5,087 
4,394 
7,638 
5,222 


7,166 + 3,439 





7,753 + 3,472 


APs = accessory pathways; SD = standard deviation. 


component charges in each group revealed that the 
mean hospital charge per patient in the radiofrequency 
group was $7,753 + $3,472 compared with $37,708 + 
$10,179 in the surgical group (p <0.0001). The mean 
physician charge per patient in the radiofrequency 
group was $7,166 + $3,439 compared with $15,557 + 
$3,149 in the surgical group (p <0.0001). In the radio- 
frequency group, the physician charge consisted almost 
entirely of the electrophysiologist’s fee. In the surgical 
group, the total physician charge included professional 
fees billed from electrophysiology, cardiothoracic sur- 


gery, anesthesiology and radiology. Although both the 
hospital and physician charges were significantly lower 
in the radiofrequency group than in the surgical group, 
the greater relative reduction occurred in the hospital 
costs. Figure 1 shows the direct relation between the 
duration of hospital stay and the total cost of definitive 
therapy in the radiofrequency and surgical ablation 
groups. Regression analysis revealed an R-squared val- 
ue of 0.78 (p <0.0001). 

Mean number of days spent in the hospital to 
achieve accessory pathway ablation was 3.1 + 1.3 in 


100,000 
80,000 


FIGURE 1. Scatter diagram displaying the 60,000 
direct relation between total cost of defini- 
tive therapy (dollars) and duration of hos- 
pital admission (days) in patients undergo- 
ing radiofrequency and surgical ablation of 
accessory pathways. Regression analysis 
revealed an R-squared value of 0.78 (p 
<0.0001). 
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the radiofreqaency group compared with 9.5 + 3.8 in 
the surgical =roup (p <0.0001). Mean number of hos- 
pitalizations zeemed related to accessory pathway abla- 
tion was 1.I + 0.3 in the radiofrequency group and 1.2 
+ 0.5 in the zurgical group (difference not significant). 
The mean t.me lost from work was 11 + 19 days in the 
radiofrequency group (n = 18) and 55 + 26 in the sur- 
gical group t2 = 19) (p <0.0001). 

Patient 2 in the surgical group had the longest ad- 
mission (24 <ays) and the highest charges of any pa- 
tient in the Sudy, with hospital costs of $72,636 and 
physician fe= of $24,892. He was a 20-year-old white 
man with 2 accessory pathways (left posterolateral and 
posteroseptel, both manifest). After a baseline electro- 
physiologic zst, he underwent apparently successful ac- 
cessory pathway ablation. However, within hours, the 
delta waves -eappeared on the 12-lead electrocardio- 
gram and he was brought back to the operating room 
for a seconc attempt at surgical ablation. At a follow- 
up epicardia wire pacing study 1 week later, he was 
found to har persistent conduction over his posterosep- 
tal accessory pathway and he was treated with flecai- 
nide. His poxoperative recovery was prolonged due to 
persistent fevers, 

Cost datz in uncomplicated cases: Because some of 
the patients. >articularly in the surgical group, had a 
more compizated course than others, a cost analysis 
was perforrre:i on a subset of 10 patients in each group 
who had a -apid and uncomplicated postprocedure re- 
covery (patizrts 5, 8, 11, 13, 15, 16, 19, 22, 24 and 25 
in the surgical group, and patients 1, 5, 9, 10, 11, 15, 
16, 18, 22 atd 25 in the radiofrequency group, Tables I 
and II, respectively). Total, hospital and physician 
charges in this subset of patients undergoing uncompli- 
cated radiofr=quency and surgical ablation, respective- 
ly, were $1112 + $2,886 vs $47,726 + $3,817 (p 
<0.0001), {5.281 + $1,266 vs $33,162 + $3,604 (p 
<0.0001) ag $5,731 + $1,872 vs $14,564 + $1,395 
(p <0.0001 5. 


DISCUSSION 

The maiz finding of this study is that catheter-me- 
diated radiof&=quency ablation accomplishes accessory 
pathway inte<ruption at a fraction of the cost of surgi- 
cal ablation. This dramatic reduction in cost is due both 
to a reductio- in hospital costs and physician charges. 
In the presem study, the total cost of therapy in the 
radiofrequercy group was just 28%, hospital costs were 
21% and phAcian fees were 46% of those in the surgi- 
cal group. Aihough the most significant factor result- 
ing in lower -ospital costs in the radiofrequency group 
was the shertr hospital stay, other important proce- 
dure-related “actors included the lack of need for oper- 
ating room facilities, care in the intensive therapy unit 


or paramedical ancillary services such as physical ther- 
apy and respiratory care. An additional cost-limiting 
feature of radiofrequency energy is that accessory path- 
way ablation was achieved during the diagnostic elec- 
trophysiologic study in most patients. The lower physi- 
cian charges in patients undergoing radiofrequency ab- 
lation reflect the absence of surgical, anesthesiology and 
radiology professional fees. When the cost analysis was 
repeated on a subgroup of patients with uncomplicated 
procedures, there was still a highly significant differ- 
ence between the cost of radiofrequency and surgical 
ablation. Also, the cost-to-charge ratio for hospital ser- 
vices was similar in the 2 groups. 

Reduced duration of hospitalization: An important 
finding of the present study is that radiofrequency abla- 
tion results in a marked curtailment in hospital stay. 
Thus, mean duration of hospital admission was 3 days 
in the radiofrequency group compared with 9 days in 
the surgical group. Almost all the patients in the radio- 
frequency group were walking without difficulty within 
12 hours of the procedure, and the only reason for con- 
tinuing their hospitalization was because of the investi- 
gational nature of the procedure. All but 1 of the pa- 
tients in the radiofrequency group had a very benign 
post procedure course and could have been discharged 
from the hospital within 24 hours. Indeed, it is our cur- 
rent practice to discharge patients without complica- 
tions from the hospital the day after undergoing radio- 
frequency ablation. In the future, it may even be feasi- 
ble to perform radiofrequency ablation of accessory 
pathways on an out-patient basis in selected patients. 

General features of radiofrequency ablation that 
promote cost-containment: There are a number of oth- 
er general reasons why radiofrequency ablation is asso- 
ciated with cost-containment. The recent dramatic es- 
calation in medical care costs has been attributed, in no 
small way, to the use of ever-advancing technology in 
medicine. However, radiofrequency ablation con- 
trasts with this general trend in that it represents a new 
application of an old technology. The technology has 
been used for several years, for example to treat 
patients with trigeminal neuralgia, and it’s recent appli- 
cation to patients with cardiac arrhythmias has been 
relatively inexpensive. A comparison with coronary an- 
gioplasty is also pertinent. Initial experience with radio- 
frequency ablation suggests that repeat procedures are 
required less frequently than is the case with coronary 
angioplasty and that the initial treatment is usually cu- 
rative rather than palliative.* This feature serves to re- 
duce medical care costs for patients undergoing radio- 
frequency ablation. 

Comparison with previous studies: In a recent 
study,’ the casts of catheter-mediated direct-current 
shock ablation and surgical ablation in the Wolff-Par- 
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kinson-White syndrome were compared. In that study,’ 
the mean total cost per patient, expressed in 1988 dollar 
values, was $14,116 + $4,493 for catheter ablation 
compared to $34,175 + $5,434 for surgical ablation (p 
<0.0001). The mean duration of hospitalization was 6 
+ 2 days in the group treated with shock ablation com- 
pared with 8 + 4 days in the group treated surgically 
(difference not significant). Direct-current shock abla- 
tion also had a significant indirect economic advantage 
as a result of rapid return to work. The present results 
demonstrate that radiofrequency ablation maintains the 
cost containment associated with direct-current shock 
ablation’ and abbreviates still further the period of hos- 
pitalization for patients undergoing definitive therapy. 
It also permits rapid return to work with beneficial in- 
direct economic effects. 

Comparison of the cost of radiofrequency ablation 
and drug therapy: For the purposes of comparison, we 
examined the cost of treatment with a representative 
antiarrhythmic drug, propafenone, in a hypothetical pa- 
tient with an accessory pathway and recurrent supra- 
ventricular tachycardia. In the case of a dose of 225 mg 
three times daily and a 3-month prescription, refilled 4 
times, the annual cost is $1,000; if 1 year’s supply is 
dispensed at once the cost is $985. Thus, the annual 
cost for this drug alone is approximately $1,000 and 
this does not take into consideration the cost of a diag- 
nostic electrophysiologic test and electropharmacologic 
testing, visits to a physician or emergency room, lost 
productivity because of time away from work, the in- 
convenience associated with taking medication 3 times 
per day, and the possible adverse effects and lifestyle 
restrictions. Based on these figures, radiofrequency ab- 
lation would pay for itself in <15 years, and any pa- 
tient who required drugs for >15 years would save 
money with radiofrequency ablation. Thus, over the 
long term, particularly in younger patients, definitive 
therapy with radiofrequency ablation would appear to 
be more economical than pharmacologic therapy. 

Use of radiofrequency ablation in patients unsuit- 
able for surgical ablation: An interesting finding of the 
present study is the significant difference in age and 
duration of symptoms between patients undergoing ra- 
diofrequency and surgical ablation of accessory path- 
ways. Thus, mean age and symptom duration in the 
radiofrequency group was 40 + 16 (range 14 to 74) 
and 21 + 17 years, respectively, compared to 30 + 11 
(range 13 to 60) and 11 + 11 years in the surgical 


group (p <0.01 and <0.05, respectively). These data 
reflect the fact that with radiofrequency ablation we 
were able to offer a curative procedure to a much 
broader spectrum of patients and to a group of patients 
that would not otherwise have been considered suitable 
candidates for definitive ablation therapy. In addition to 
their older age, patients in the radiofrequency group 
had a much higher prevalence of general medical dis- 
eases. 

Study limitation: A possible limitation of this study 
is that the cost analysis was retrospective and open. 
This feature may have introduced a certain bias against 
surgery. However, a determined effort was made to 
overcome this potential bias as outlined in the Methods 
section. In addition, we repeated the analysis on a sub- 
group of 10 patients with uncomplicated procedures. 
The cost differentials evident in this subgroup analysis 
were essentially the same as those present in the overall 
analysis. Therefore, we feel that the cost data presented 
are a true and accurate estimate of the cost of these 
procedures. 
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Comparative Cost-Effectiveness Analysis of 
Quinidine, Procainamide and Mexiletine 
Philip J. Podrid, MD, Peter H Kowey, MD, William H. Frishman, MD, 


Renée J. Goldberg Arnold, PharmD, Diana J. Kaniecki, PharmD, 
J. Robert Beck, MD, and Joni R. Beshansky, RN, MPH 


Quinidine aad procainamide have the potential 
for major crzan toxicity, whereas mexiletine has 
been report=d to have little risk of organ toxicity, 
serious prcarrhythmia or congestive heart fail- 
ure, but a relatively high incidence of nuisance 
side effects. In light of the potential adverse ef- 
fects of all antiarrhythmic agents as highlighted 
by the Cardiac Arrhythmia Suppression Trial, 
the relative +ost-effectiveness of these 3 agents 
was assessed. Based on a review of >1,000 
published reports, studies included in the analy- 
sis examined =1 of these agents in adults, with 
adequate efacacy or safety data, or both. The 
majority of studies assessed patients with symp- 
tomatic or rmalignant arrhythmias, or both. Data 
were analyzed using a decision analysis/cost-ef- 
fectiveness model. Probabilities were averaged 
using techniques of meta-analysis. Costs were 
obtained fram a university medical center cost- 
accounting system and from expected follow-up 
visits to university clinics. Thirty-seven separate 
side effects were included in the analysis. In 
terms of overall cost, 12 months of mexiletine 
would engeader $875, quinidine $1,239 and 
procainamite $1,911 of expenses. Mexiletine 
dominates the older agents in terms of cost per 
successful deg response, a result that holds 
over a wide tange of efficacy and safety data. 
Analyses demonstrated no increase in all-cause 
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mortality for quinidine and mexiletine over place- 
bo, but a trend toward higher mortality with pro- 
cainamide. The results suggest that mexiletine is 
a cost-saving alternative therapy for ventricular 
arrhythmias when adverse reactions are consid- 
ered in addition to pharmaceutical costs and 
treatment efficacy. 

(Am J Cardiol 1991;68:1662-—1667) 


therapy against increased efficacy or decreased 

adverse reactions suggests cost-utility or cost-ef- 
fectiveness analysis as a possible tool for drug evalua- 
tion.'-!! One of the therapeutic areas currently receiv- 
ing scrutiny is that of antiarrhythmic drugs. As a result 
of the recent report from the Cardiac Arrhythmia Sup- 
pression Trial (CAST),!? the use of this class of agents 
in asymptomatic patients after myocardial infarction 
and, perhaps, in other groups as well has undergone a 
reevaluation. Although it is not certain if these drugs 
would be of benefit or harm in other groups of patients, 
there is still concern about adverse reactions to these 
drugs. Severity and frequency of side effects vary 
among the available agents, and it is uncertain if initial 
therapy with 1 agent is preferable to that with another 
when the effects and costs of adverse reactions are ex- 
amined. The objective of this study was to establish the 
relative value of 3 antiarrhythmic agents (quinidine, 
mexiletine and procainamide), using computer-assisted 
decision analysts adapted to the study of the differential 
efficacies, adverse effects and costs associated with 
these drugs. 


T he problem of balancing escalating costs of drug 


METHODS 

The decision tree: The decision tree was constructed 
using Decision Maker (Pratt Medical Group, Boston, 
Massachusetts)!3; the basic tree design was parallel for 
all 3 agents. Three alternative strategies were proposed 
for the problem, each differing only in the choice of 
therapeutic agent (quinidine, mexiletine or procain- 
amide), Each strategy gave rise to 2 chance events: (1) 
whether the therapy was effective; and (2) regardless of 
the therapeutic efficacy, whether an adverse drug reac- 
tion occurred, Thirty-seven adverse drug reactions were 
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included in the analysis, because they were commented 
on in 21 article reviewed for the study and resulted in 
discontinuation of drug therapy, hospitalization, follow- 
up outpatient care, insertion of a permanent pacemak- 
er, or fatality, giving rise to costs associated with these 
outcomes. The entire model has 384 unique pathways. 

Probabilities: All journals abstracted by MED- 
LINE® were searched from 1966 to the present for 
clinical trials from which data could be extracted. Arti- 
cles were excluded if the study used only 1 dose of 
drug, contained data on only intravenous drug adminis- 
tration, involved only pediatric patients, contained ill- 
defined or nebulous efficacy criteria, was an isolated 
case report or reported insufficient data. 

From the review of literature, 132 articles (bibliog- 
raphy available upon request) were selected that niet 
the following criteria for inclusion in the analysis: (1) 
antiarrhythmic efficacy recorded as a percentage of pa- 
tients with a certain percent reduction (e.g., =70%) in 
ventricular arrhythmias, or the ability to calculate this 
figure owing to the availability of all raw data; and (2) 
side effects recorded as number or percentage of pa- 
tients with the individual effect for oral quinidine, 
mexiletine or procainamide. Survival or sudden death 
was not used as an end point, because data regarding 
the role of antiarrhythmic drugs for this indication are 
unknown. From these trials, the only efficacy data con- 
sistently available were for arrhythmia suppression. 
Each study was reviewed by 2 investigators (RJA and 
DJK), and any discrepancies were resolved through 
consensus. 

To address interstudy differences in patient num- 
bers, sample size-weighted means of all incidences 
(probabilities) were calculated with dBASE IV (Ash- 
ton-Tate, Torrance, California). Using quinidine as the 
reference standard, relative risks of each parameter 
were calculated (available upon request). Only those 
adverse effects reported as needing discontinuation of 
therapy were included in the analysis. When the ad- 
verse reaction was stated specifically not to have oc- 
curred, zeroes were entered into the analysis. 

For each adverse reaction, the probabilities of drug 
discontinuation, hospitalization or outpatient treatment, 
and death were estimated by 3 investigators (WHF, 
PRK, PJP). They also estimated the number of visits 
needed for outpatient follow-up treatment, and the 
probability of permanent cardiovascular pacing for ap- 
propriate adverse reactions, such as bradyarrhythmia. 
Means of these estimates (Table I) were used, and 
where discrepancies >20% existed consensus was ob- 
tained. 

Sample size-weighted means were also used to cal- 
culate incidence of all-cause mortality. To assess any 
effects of nonuniformity among patient populations and 
of study design on outcome of the present evaluation, 





Proarrhythmia 

Torsades de pointes 

Hypotension 

Bradyarrhythmia 

Prolonged QT interval 

Fever 

Psychosis 

Depression 

Confusion 

Coordination (ataxia) 

Abdominal pain 

Hemolytic anemia 

Agranulocytosis 

Neutropenia 

Hypersensitivity reaction 

Hypoprothrombinemia 

Thrombocytopenia 

Lupus-like syndrome 

Dizziness 

Tremor 

Anxiety 

Nausea/vomiting 

Diarrhea 

Syncope 

Headache 

Hepatomegaly 

Urticaria 

Cinchonism 

Digoxin toxicity 

Cimetidine interaction 

*If hospitalized for proarrhythmia, 0.12 probability of death, and 0.88 probability of 

PES-directed switch of therapy; Tt if hospitalized for torsades de pointes, 0.10 
probability of death, and 0.90 risk of PES-directed switch of therapy; 3 if hospitalized 
for bradyarthythmia, 0.95 probability of inserting pacemaker, and 0.05 probability of 
death; § if d'Hee for prolonged QT, 0.93 risk of torsades de pointes, and 0.07 


risk of death; Ì| if hospitalized for syncope, 0.35 probability of inserting pacemaker, 
and 0.65 probability of not inserting pacemaker. 


the data were recalculated according to presence or ab- 
sence of key study design parameters (including ran- 
domization, blinding, crossover design, multicenter na- 
ture and retrospective/prospective design) and by spe- 
cific patient groups (e, symptomatic or malignant 
ventricular arrhythmias, or both, after myocardial in- 
farction, and the elderly). 

Costs: Inpatient costs were derived from records of 
patients with an adverse drug reaction in the “E” codes 
of the ICD classification and were generated by the 
Clinical Cost Manager (Transition Systems, Inc., Bos- 
ton, Massachusetts), a cost-accounting system. The 
Clinical Cost Manager includes such variable costs as 
nursing care, laboratory tests, procedures and medica- 
tions. If costs of adverse drug reactions were not identi- 
fiable by this method, primary diagnosis was used as a 
proxy for an adverse drug reaction, where usual length 
of stay was within the time frame suggested by WHF, 
PRK and PJP. 

Outpatient costs (De, visits and required testing) 
were provided by 3 investigators (WHF, PRK and 
PJP) from their respective institutions. Physician /con- 
sultant fees were all priced at $100 per visit. Inpatient 
and outpatient costs are listed in Tables II and III, re- 
spectively. 
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TABLE lf Hcspital Costs Used in the Analysis 


Total 
Costs 


$4,835 
$4,835 
$4,211 
$4,315 
$4,445 
$5,750 
$2,297 
$5,114 
$2,757 
$3,252 
$2,703 
$3,246 
$5,736 
$4,532 
$2,603 
$3,792 
$2,623 
$5,736 
$6,237 
$3,537 
$3,748 
$7,882 
$6,531 
$9,138 
$7,024 
$8,781 
$5,331 
$3,870 
$3,900 
$4,201 
$2,860 
$2,910 
$3,467 
$3,401 
$4,309 


Adverse Reaction 
crSequelae 


Hospital 
Costs 


$ 3,915 
$ 3,915 
3,915 
3,915 
4,890 
2,177 
4,444 
2,487 
2,682 
2,273 
2,956 
4,966 
3,952 
2,273 
3,252 
2,273 
4,966 
5,807 
2,967 
3,318 
7,132 
5,851 
8,008 
5,924 
7,821 
4,451 
3,400 
3,330 
3,651 
2,490 
2,500 
2,967 
$ 3,071 


Physician 
Costs* 


Proarrhythme 

Torsades de paintes 
Hypotension 

Palpitations 

Bradyarrhytirsia 

Congestive heart failure 
Prolonged QT nterval 

Syncope 

Headache 

Fever 

Dizziness 

Tremor 

Psychosis 

Depression 

Insomnia 

Coordination <3fficulties (ataxia) 
Light-headectss 

Confusion 

Weakness 

Nausea/vom tng 

Diarrhea 

Hemolytic aremia 

Lupus-like sy tirome 
Agranulocytoss 
Thrombocytc=s3nia 

Neutropenia 

Hepatitis 

Liver functior est elevation 
Renal dysfunzion 

Urticaria 

Pruritus 

Blurred visior 

Cinchonism 

Hypersensitivi-y (primarily rash) 
Digoxin toxic” $ 3,949 
Pacemaker $14,000 


Drugst AWP (cost/365 days) 


MEXITIL (no 2*neric available) 
Generic quinti ne (Bolar + Rugby)t 
Generic proceinamide (Rugby)§ 


Ke 
Wi 
zl 
prod 
font 


$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 


AAA HF Go Go HH HAF Ga Go Go HHH HHH FH Go Go HF OH Go 


*Including cotf primary physician visit in hospital and physician consults during 
hospital stay. 

{Comparative t-escription data [according to the most frequently prescribed agents 
by manufacture and strength {source: IMS (NPA), Plymouth Meeting, PA)} and 
practitioner cost: mnually (source: Red Book, 1989). 

454% of total qzinidine prescriptions. 

§55% of total 2-ocainamide prescriptions. 

AWP = average wholesale price. 


Meta-anzlysis: The technique of meta-analysis was 
used to adjust for variations in methodologic de- 
sign, missin= data, random error, bias and quality of 
data.!4-16 Confidence limits on the probabilities were 
calculated using the binomial approximation, and Han- 
ley’s rule of 3/n for the upper limit for true zeroes.!” 

Sensitivity analysis: To test the stability of our re- 
sults to chémges in probabilities and costs, all values 
were varied cver the ranges suggested by 3 investigators 
(WHF, PRE, PJP) and those reported in the litera- 
ture. 

Cost anafysis: Cost analysis uses dollar values for 
both the cos: and outcome measures (in this case, the 
costs associated with death, hospitalization or outpa- 





TABLE III Outpatient Costs* Over a 12-Month Period 


Bradyarrhythmia 
Prolonged QT interval 
Fever 

Psychosis 

Depression 

Confusion 

Abdominal pain 
Hemolytic anemia 
Dizziness 

Tremor 

Anxiety 

Ataxia 

Nausea, vomiting 
Hepatitis 

Elevated liver function tests 
Diarrhea 

Syncope 

Headache 
Hepatomegaly 
Urticaria 

Pruritus 

Blurred vision 
Cincnonism 
Hypersensitivity reaction 
Digoxin toxicity 
Cimetidine interaction 
Lupus-lixe syndrome 


*Outpatient visits, labs and other procedures. 


tient care). Probabilities associated with efficacy and 
the treatment of potential adverse effects in these gen- 
eral populations were obtained from our database. 
These were combined with drug, repeat physician office 
visit and hospital costs. An analysis was performed for 
each agent, and total health-care costs associated with 
l-year treatment were calculated. 

Cost-effectiveness analysis: Effectiveness is defined 
in this model as a nonfatal response to treatment (i.e., 
arrhythmia suppression). The average cost-effectiveness 
for each agent was estimated by dividing the value of 
the cost of treatment by the value of a response thus 
defined. In analyses where 1 agent engendered the few- 
est costs and exhibited the greatest effectiveness, the 
agent was said to dominate the other 2. 





RESULTS 

Ratios of weighted means: This analysis demon- 
strated that the efficacy of each regimen was roughly 
equivalent when defined as suppression of ventricular 
arrhythmias by =70%. The relative relations for all ad- 
verse effects were as expected, with the exception of 
torsades de pointes. Based on clinical experience, quini- 
dine is more cften associated with torsades de pointes, 
syncope and prolonged QT interval than is procain- 
amide. The original comparison of the incidence of tor- 
sades de pointes between quinidine and procainamide 


3 


~ 


showed a relation of 1:5, respectively. However, only 1 / 


study, which was retrospective, contained the original 
value for procainamide. In a subanalysis of prospective 
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studies only, the incidence of torsades de pointes 
changed to 0.38% for quinidine and “not reported” for 
procainamide, a more likely clinical relation. 

Cost and cost-effectiveness analyses: In the cost 
analysis, which entailed combining costs of treatment of 
adverse effects with drug costs over the 12-patient- 
month average time on study, mexiletine engendered 
$875, generic quinidine $1,239 and generic procain- 
amide $1,911 of expenses. If the data are representative 
of clinical practice, then the induced health-care costs 
associated with these class IA agents (e.g., those in- 
curred due to treatment of adverse effects) are suffi- 
ciently high to overwhelm their direct cost savings for 
the compound. Indeed, the model is relatively insensi- 
tive to the costs of the compounds such that the cost of 
mexiletine could be almost doubled and this agent 
would remain the therapy with the best overall cost 
profile. This results from a relative frequency of serious 
adverse drug reactions of 1:2.1:2.8 for mexiletine, quin- 
idine and procainamide, respectively. Such a scenario 
assumes that the side effects are mutually exclusive 
(De, primarily | major adverse effect causes drug dis- 
continuation or hospitalization, or both). 

A cost-effectiveness analysis, defined in this study as 
cost per nonfatal response to treatment, translated into 
average figures of $1,716, $2,382 and $3,901 per suc- 
cessful response for mexiletine, quinidine and procain- 
amide, respectively. 

Sensitivity and meta-analyses: Sensitivity analyses 
demonstrated no difference in the ranking of mexiletine 
as the least costly and most cost-effective agent. Only if 
the total annual probability of the occurrence of any 
adverse drug reaction were much more decreased (e 
one sixth that reported in the literature) would the ac- 
quisition cost of mexiletine render it more costly and 
less effective. At these decreased levels of side effects 
quinidine was actually the most cost-effective agent be- 
cause of its lower acquisition cost. 

Linked sensitivity analyses were found to be a rea- 
sonable approach to model testing when considering 
multiple adverse effects of low probability. In this 
study, totally linked analyses and clusters of types of 
adverse reactions were examined in order to test the 
model’s stability. For example, if all 8 cardiovascular 
side effects of mexiletine are increased to the upper lim- 
it of their 95% confidence intervals (statistically an im- 
plausible situation), the cost of mexiletine rises to 
$1,241, or $2 more than that of quinidine annually. 
Moreover, when probabilities of outpatient or hospital 
treatment were varied by 30% to account for practice 
variability, there was no difference in the overall study 


\ outcome. 


Patient profiles: The majority of patients were not 
treated in the hospital, underwent Holter monitoring 


TABLE IV Patient/Drug Profiles 
Drug 


Quinidine Mexiletine Procainamide 


Parameter 


Number of studies selected* 
Mean patient age (yrs) 
Mean duration of therapyt (days) 
Mean dose (mg/day) 
Cardiac diagnosest 
Coronary artery disease (%) 65 
Ischemic heart disease (%) 11 
Hypertension (%) 44 
Mitral valve prolapse (%) 9 
Valvular heart disease (%) 31 
Myocarditis (%) 
Rheumatic heart disease (%) 
Congenital heart disease (%) 
Idiopathic (%) 
Congestive heart failure (%) 
Acute myocardial infarction (%) 
Myocardial infarction (%) 
Cardiomyopathy (%) 
Premature ventricular contrac- 
tions (%) 
Sustained ventricular tachycardia 
(%) 
Nonsustained ventricular tachy- 
cardia (%) 
Ventricular tachycardia (%) 
Ventricular fibrillation (%) 
Unifocal premature ventricular 
contractions (%) 
Multifocal premature ventricular 
contractions (%) 
R on T phenomenon (%) 
Couplets (%) 
Symptomatic/malignant arrhyth- 
mias§ 
Asymptomatic arrhythmias§ 
Type/severity of arrhythmia not re- 
ported 


1,228 


*Numbers total > 132 because some studies compared 2 of the agents; 

t Includes only prospective studies (retrospective studies do not specify duration of 
ney just dech of study); 

ber of studies mentioning patient with this underlying disease state/total 

ns of studies for this drug (%; numbers for each drug total > 100% because 
studies included tardies wih > | type of arrhythmia); 

§ Percentage of patie 

| Not reported ege owing to high percentage of studies with procainamide that 
were for safety. 





rather than programmed electrical stimulation for eval- 
uation of their arrhythmia and had underlying coronary 
heart disease. Arrhythmia suppression 270% was the 
typical criterion for efficacy. Other patient /drug profile 
data for comparability of drug groups show the groups 
to be comparable (Table IV). 

Subanalyses: Subanalyses of efficacy criteria, re- 
fractoriness and duration of therapy (in addition to as- 
sessment of only studies that were prospective, double- 
blind, placebo-controlled, randomized, of parallel de- 
sign, and so forth) demonstrated no change in strategy 
(De, mexiletine was still the least expensive of the 3 
agents). 

The subanalysis of mean duration of therapy (<63 
vs 2.63 days) showed that the shorter the duration of 
the study, the higher the incidence of the adverse effect. 
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One notable exception was procainamide, where the in- 
cidence of L:pus-like syndrome was lower (0.09) in 
studies of seier duration and was higher (0.16) in 
those of onse: duration. This would be expected, be- 
cause there is a positive correlation between duration of 
therapy and presence of lupus-like syndrome. 

Similar tc ‘previous reports for mexiletine and quini- 
dine,!? a subazalysis of elderly patients (2.65 years old) 
demonstratec. slight increases in proarrhythmia, brady- 
arrhythmia, tremor, depression and nausea/vomiting 
for mexiletin=, in hemolytic anemia for procainamide, 
and in bradyzrrhythmia for quinidine. 

Because o particular interest in the group of pa- 
tients with a ent myocardial infarction, a subanalysis 
of such patiezts was completed. This analysis included 
424 patients (=5 for mexiletine, 166 for quinidine, and 
173 for procanamide) in 11 studies with recent myo- 
cardial infarcfon as the primary inclusion criterion. 

The analys showed that cardiovascular side effects, 
in particular, vere augmented over the investigation of 
the entire study population. The evaluation of mexile- 
tine showed e 20-fold increase (0.19 to 4%) in the inci- 
dence of hyp=tension. Mexiletine also demonstrated a 
threefold increase in the incidence of weakness. For 
quinidine, the :ncidences of bradyarrhythmia and pro- 
longed QT inze<val were increased approximately three- 
fold. For proce:znamide, the incidences of bradyarrhyth- 
mia and fever were increased approximately twofold, 
whereas those Tor lupus-like syndrome and hypersensi- 
tivity were exsvated 1.4- and 1.2-fold, respectively. 
Numbers for =i subanalyses were within the ranges ob- 
tained from tkz literature and thus would not result in a 
change in the preferred strategy. 

Since the <vailability of results from CAST, there 
has been an increased awareness of mortality associated 
with the use cf antiarrhythmic agents. Therefore, crude 
pooled mortaliy rates were calculated for each agent in 
comparative studies. Deaths were observed in both 
treatment anc control groups. In the analysis of all pa- 
tients in comparative studies quinidine (2%, n = 1,259) 
and mexiletine _1%, n = 1,008) demonstrated mortality 
comparable to that of placebo (2%, n = 823); mortality 
with procainamide (4%, n = 560) was approximately 
twice that of p.acebo. When only patients with symp- 
tomatic or life-threatening ventricular arrhythmias, or 
both, were st ed. the relations for quinidine and mex- 
iletine versus <jacebo were similar to those for all com- 
parative studies Interestingly, procainamide exhibited a 
mortality rate anly 1.2 times (5%, n = 482) that of pla- 
cebo (4%, n = 387). 


DISCUSSION 

In light o its low propensity toward side effects 
that increase kealth-care costs, the present evaluation 
showed mexile-ne to be the most cost-effective antiar- 


rhythmic strategy in an analysis of mexiletine, quini- 
dine and procainamide. The use of mexiletine generat- 
ed the lowest cost and allowed for the longest mainte- 
nance of therapy in comparison with that of the other 2 
drugs. This information is especially timely because the 
CAST results have highlighted the potential, adverse 
effects of some of the antiarrhythmic agents. Whereas 
the CAST report focused on increased mortality, side 
effects are an important concern especially for long- 
term drug therapy. This is particularly important be- 
cause drugs with similar efficacy are often selected 
based on side effects. Indeed, in this study efficacy 
among the 3 agents evaluated was equivalent, but there 
were major differences in serious side effects. Our eval- 
uation corroborates the observations of Morganroth 
and Bigger!? who recently characterized mexiletine as 
having a relatively high risk of noncardiac side effects, 
but little or no risk of organ toxicity, early occurring 
serious proarrhythmia and congestive heart failure. 

A shortcoming of this study is one that is inherent 
with the use of retrospective data; i.e., only author in- 
terpretations of data were available. Overlapping defi- 
nitions of adverse effects (eg. syncope, prolonged QT 
interval and torsades de pointes) and the fact that not 
all studies evaluated all parameters are additional vari- 
ables that may have affected incidences of adverse ef- 
fects. Furthermore, as mentioned previously, only those 
adverse effects specifically noted as needing discontinu- 
ation of therapy were included in the analysis. This 
method tended to underestimate the probability of an 
adverse reaction and thus may have deflated all values 
in the analysis. However, the degree of deflation should 
be approximately the same for each drug selected, and 
sensitivity analyses over the possible range of values 
were used to correct for any underestimation. 

Pratt and Moye”? recently detailed other confound- 
ing variables when using published literature for com- 
parative drug analyses in their review of the CAST 
study. Nonetheless, “the strength of analyzing the en- 
tire antiarrhythmic drug database is preferable to the 
alternative of analyzing reports from individual clinical 
centers where sample sizes are small.”?° To limit any 
inherent biases in retrospective examination of retro- 
spective data and to address nonuniformity of study de- 
sign among those assessed, the model was reevaluated 
using only data from prospective, placebo-controlled, 
double-blind, randomized studies. While these cost and 
cost-effectiveness reevaluations resulted in slight quanti- 
tative differences, the qualitative outcomes were similar 
to those we noted when data were incorporated from all 
studies. 

In addition, the tendency to publish primarily posi- 
tive studies may impart literature bias. However, this 
would be expected with the 3 drugs studied. Further- 
more, there were some negative studies, and approxi- 
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mately 10% of the articles compared 22 of the study 
drugs. Despite some limitations, the methodology used 
in the present study is accepted technique for establish- 
ing cost-effectiveness.>-! 

An additional analysis in this study showed no dif- 
ference in all-cause mortality among patients with 
symptomatic arrhythmias when quinidine, mexiletine 
and procainamide were compared with placebo. This is 
in contrast to the meta-analysis involving quinidine for 
therapy of atrial fibrillation reported by Coplen and et 
al?! in which a higher mortality with quinidine was ob- 
served. The present study involves a much larger num- 
ber of patients and is the first such data for those with 
ventricular arrhythmias. In these patients, antiarrhyth- 
mic drugs were not associated with an increased risk of 
death. 

Finally, although mexiletine would be expected to 
have similar efficacy and be safer than quinidine and 
procainamide, the present study is the first attempt at 
quantifying the costs of this relationship. The decision- 
analytic method used in this study is valuable because it 
combines an extensive published data source (the litera- 
ture) with current practice methods. As clinicians are 
being increasingly called on to evaluate risk-benefit of 
therapies, cost-effectiveness analysis will become a key 
method of identifying the most appropriate therapy for 
particular patient populations and of reducing overall 
health-care costs. 


Acknowledgment: We wish to acknowledge the con- 
tribution of Henry Sacks, MD, for assistance regarding 
methodology of literature selection and review. 
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CONGESTIVE HEART FAILURE 





Repreducibility and Relation to Mean Heart Rate 
of Heart Rate Variability in Normal Subjects and 
in Patients with Congestive Heart Failure 
Secondary to Coronary Artery Disease 


Dg=derik Van Hoogenhuyze, MD, Norman Weinstein, MD, Gary J. Martin, MD, 
Jerre S. Weiss, MS, John W. Schaad, MS, A Nader Sahyouni, MS, Dan Fintel, MD, 
Willem J. Remme, MD, and Donald H. Singer, MD 


Before heart rate (HR) variability can be used for 
predictive purposes in the clinical setting, day-to- 
day variatica and reproducibility need to be de- 
fined as do relations to mean HR. HR variability 
and mean KR were therefore determined in 2 
successive 24-hour ambulatory electrocardio- 
grams obtaimed from 33 normal subjects (age 34 
+ 7 years, group I), and 22 patients with coro- 
nary diseas= and stable congestive heart failure 
(CHF) (age 59 + 7 years, group Il). Three mea- 
sures were ised: (1) SDANN (standard deviation 
of all mean 5-minute normal sinus RR intervals 
in successive 5-minute recording periods over 24 
hours); (2) SD (the mean of the standard devi- 
ation of all acrmal sinus RR intervals in succes- 
sive 5-minut: recording periods over 24 hours); 
and (3) CV -oefficient of variation of the SD 
measure), a +ew measure that compensates for 
HR effects. Sroup mean HR was higher and HR 
variability lewer in group Il than in group I (80 + 
10 vs 74 + © beats/min, p <0.04). Mean group 
values for HS and HR variability showed good 
correlations <etween days 1 and 2 (mean RR, 

r = 0.89, 0.77; SDANN, r = 0.87, 0.87; SD, 

r= 0.93, 0.57; CV, r = 0.95, 0.97 in groups I 
and Il, respe-tively). In contrast, considerable in- 
dividual day-to-day variation occurred (group I, 
0 to 46%: gseup Il, 0 to 51%). Low HR variabili- 
ty values wer? more consistent than high values. 


From the Reinga'd ECG Center (Section of Cardiology), Department 
of Medicine, ani the Feinberg Cardiovascular Research Institute, 
Northwestern Uscsersity Medical School, Chicago, Illinois; and Zui- 
derziekenhuis, Department of Cardiology, and Sticares Cardiovascular 
Research Founda-ion, Rotterdam, the Netherlands. This study was 
supported in part >y Grants in Aid from the Reingold Estate, the 
Brinton Trust, the Seborah M. Cooley Charitable Trust and Marquette 
Electronics, Inc. f:znuscript received December 21, 1990; revised man- 
uscript received arx accepted August 6, 1991. 

Address for rzzrints: Donald H. Singer, MD, Reingold ECG Cen- 
ter, Northwesterr. iIniversity Medical School, 303 E. Chicago Avenue, 
Chicago, Illinois ©3511. 
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SDANN and SD correlated moderately with HR 
in both groups (r = 0.50 to 0.64). The CV mea- 
sure minimizes HR effects on HR variability. In 
conclusion (1) mean group differences in HR 
variability between normal subjects and patients 
with CHF are highly reproducible, but consider- 
able day-to-day variations may occur in some 
subjects, particularly normal persons with high 
HR variability; (2) mean HR is higher and HR 
variability lower in patients with CHF; and (3) 
mean HR must be considered when interpreting 
changes in HR variability. The CV measure mini- 
mizes this problem. 

(Am J Cardiol 1991;68:1668-1676) 


electrocardiographic recordings can provide 

quantitative measurements of heart rate (HR) 
variability. Recent studies have shown that low HR 
variability is an independent risk factor of mortality in 
patients after myocardial infarction and in patients with 
coronary artery disease.' 

Although most studies have focused on group com- 
parisons,!~* cut-off values of HR variability have been 
proposed for purposes of risk stratification in individual 
patients.!:2 However, because all reported HR variabili- 
ty values have been computed from single 24-hour am- 
bulatory electrccardiographic recordings, the day-to- 
day variation is unknown. A correlation between mean 
HR and HR variability within study populations has 
been described,!* but the impact of changes in HR on 
HR variability, both for groups and individual patients, 
also is not known. To gain insight into these problems 
we examined (1) the day-to-day variation and repro- 
ducibility of frequently used HR variability measure- 
ments assessed from 2 successive 24-hour ambulatory 
electrocardiographic recordings in healthy young 
subjects and in patients with congestive heart failure 


(ec analysis of 24-hour ambulatory 
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(CHF) secondary to coronary artery disease, (2) the 
relation of HR variability and mean HR, and (3) inter- 
group differences in HR variability and mean HR in 
_ normal subjects and patients with CHF. 


METHODS 

Study group: Two population groups were studied: 
Group I consisted of 33 healthy volunteers, 19 men and 
14 women without known cardiac disease, systemic hy- 
pertension or diabetes mellitus. Group mean age was 
34 years (range 24 to 54). All had normal results on 
physical examination and a normal 12-lead electrocar- 
diogram at rest. Contraceptives and occasional nonste- 
roidal antiinflammatory agents were the only medica- 
tions given. Group II consisted of 22 outpatients, 18 
men and 4 women, aged 45 to 71 years (mean 59) with 
coronary artery disease and prior myocardial infarction 
complicated by stable New York Heart Association 
class II to IN CHF, and treated with digoxin and diur- 
etics. CHF was documented by history, physical exami- 
nation, chest x-ray and right-sided cardiac catheteriza- 
tion (cardiac index <2.7 liters/min/m* or pulmonary 
capillary wedge pressure >15 mm Hg at rest, or both). 
Patients with diabetes and chronic obstructive lung dis- 
ease were excluded, as were patients with atrial fibrilla- 
tion, sick sinus syndrome, atrioventricular block and 
paced rhythms. 

Data collection: All subjects underwent two 24-hour 
ambulatory electrocardiographic recordings using Mar- 
quette model 8500 AM 2-channel recorders. Record- 
ings were obtained on 2 consecutive days for all group 
II patients (CHF). Recordings from 29 of 33 group I 
subjects (normal) also were obtained on 2 consecutive 
days. In the remaining 4 subjects, recordings were ob- 
tained 9 to 29 days apart. There were no interim 
changes in clinical state. Recordings were analyzed us- 
ing a Marquette 8000 computerized Holter system, 
which classifies each beat as to site of origin. The 
beat classification was overread manually and corrected 
where necessary. Each RR interval during the 48-hour 
period was determined. The data were then transferred 
to Digital Equipment VAX computer and Cambridge 
Digital 11/73 systems for further analysis. 

The software used to measure HR variability was 
developed in our laboratory.7-© It determines the mean 
+ standard deviation (SD) of the sinus RR intervals for 
each 5-minute period during the recording period, and 
subsequently computes their mean value. In instances 
in which sinus rhythm is interrupted by ectopy, the pro- 
gram eliminates 1 RR interval preceding, and 2 RR 
intervals following, nonsinus beats. 
~.. Three HR variability determinations were obtained 
for each subject: (1) the “SDANN” measure (or the 


standard deviation of all mean 5-minute “normal” si- 
nus RR intervals, i.e., sinus RR intervals without inter- 
vening ectopic beats, over 24 hours”); (2) the “SD” 
measure (defined as the mean of the standard devi- 
ations of all normal sinus RR intervals during succes- 
sive 5-minute recording periods over 24 hours*); and 
(3) a new measure, the “CV” measure (or coefficient 
of variation of the SD, which is obtained by dividing 
the SD value for each 5-minute period by the mean 
RR interval for that period, and then averaging all the 
5-minute CV values over 24 hours). 

Data analysis and statistical methods: The follow- 
ing analyses were performed: First we tested day-to-day 
variation in, and reproducibility of, HR variability by 
comparing individual and mean group values for the 2 
days. The results were expressed as mean + SD of the 
percent differences between the days. The overall com- 
parability of the two 24-hour recording periods was as- 
sessed by comparing mean RR for days 1 and 2 for 
each group. The Pearson product-moment correlation 
coefficient was then calculated to describe day 1 to day 
2 relation for HR and HR variability. Second, we ex- 
amined correlations between mean HR and HR vari- 
ability for the 2 study groups and used the least-squares 
regression method to define the relation. The 2-way 
analysis of variance was used to test for differences in 
mean group values for the RR interval and HR vari- 
ability, and for differences between men and women. 
Third, we compared mean HR and HR variability of 
normal subjects and patients with CHF. 

The SAS statistical package version 6.03 was used 
for all statistical analyses.’ Normality of distribution of 
the data was tested using the Shapiro-Wilk statistic. 
When normally distributed, data are presented as mean 
+ SD. Differences were considered significant at p 
<0.05. In cases in which the data were not normally 
distributed, significance was determined by a rank sum 
test rather than a ¢ test. 


RESULTS 

Day-to-day variation in mean heart rate and heart 
rate variability: GROUP I (NORMAL SUBJECTS): Table I lists 
demographic data for group I subjects, mean RR inter- 
vals, and HR variability data for the two 24-hour peri- 
ods. For group I subjects as a whole, mean HR was 
nearly equal on day | (RR = 818 + 97 ms) and day 2 
(RR = 811 + 94 ms). The mean RR interval of indi- 
vidual subjects, however, exhibited much greater day- 
to-day variation (0 to 13%). 

Correlation between HR variability values for the 2 
days was high for all 3 measures tested; r values ranged 
from 0.87 for the SDANN, to 0.93 for the SD and 
0.95 for the CV (Figure 1). The mean SDANN num- 


HEART RATE VARIABILITY: REPRODUCIBILITY 1669 


TABLE I Denographics, Mean RR Intervals and Heart Rate Variability Data from Two Consecutive 24-Hour Electrocardiographic 
Recordings ie Group | (normal) Subjects 


CV (ms) SDANN (ms) 


Day 2 





Mean RR (ms) 
P= (yr) 
3. SX Day 1 Day 2 

l 5F F 871 842 3.4 77 71 
2 ZM 983 944 4.0 117 109 
3 =f 746 781 4.6 65 65 
4 22F 616 576 6.6 40 32 
5 3314 996 914 8.3 94 87 
6 KE 798 855 7.1 136 127 
7 27M 836 924 10.5 99 113 
8 33M 1,020 1,028 0.8 83 87 
9 3.1 938 888 5.4 134 108 
10 231 807 814 0.8 71 73 
l1 24F 683 699 2.3 53 55 
12 3SM 820 810 1.2 48 51 
13 473 875 906 3.5 69 68 
14 3.5, 751 727 3.1 53 51 
15 36F 726 708 2.5 82 74 
16 38 761 773 1.7 63 67 
17 aM 826 826 0.0 65 67 
18 A MM 792 733 7.4 57 57 
19 ZEN 814 815 0.0 85 83 
20 = 777 850 9.5 90 114 
21 38= 807 733 9.1 71 53 
22 22 J 985 855 13.2 128 112 
23 ZEN 791 806 2.0 64 62 
24 3C A] 913 970 6.3 91 104 
25 42 = 799 791 1.0 68 71 
26 3+ + 771 768 0.5 51 51 
27 36> 639 651 1.9 47 44 
28 25> 755 726 3.8 66 62 
29 3C e 720 741 2.9 57 55 
30 AC" 815 820 0.7 69 66 
31 AC y 918 875 4.7 85 78 
32 2E 4 869 847 2.6 58 60 
33 36> 788 757 3.9 84 74 
Mean 34 53% M 818 811 4.1 76 74 
+ SD +7 + 97 + 94 +43.3 +25 + 23 


7.8 8.7 8.2 6.0 173 184 5.9 
7.0 11.5 11.2 2.6 250 220 11.9 
0.8 8.5 8.1 4.5 122 151 24.3 
20.8 6.4 5.5 LE, 101 59 41.2 
6.5 9.3 94 1.5 231 201 13.0 
6.6 15.7 14.2 9.4 236 276 17.0 
14.2 11.3 12.0 5.7 217 181 16.6 
4.6 8.2 3.4 2.9 120 148 23.0 
19.9 13.7 11.5 16.2 199 199 0.2 
3.4 8.7 9.0 3.2 150 146 27 
3.8 7.6 7.8 2.9 115 113 2.3 


0.9 7.8 7.5 4.1 113 117 3.5 
3.4 7.0 6.9 0.4 106 104 2.2 
9.4 11.3 10.6 6.8 149 128 14.0 
6.4 8.2 8.7 5.2 159 164 3.1 
3.3 7.9 8.1 2.4 91 94 3.2 
0.4 6.8 7.3 6.5 166 156 5.9 
1.3 9.5 9.6 0.8 208 217 4.7 
25.9 11.0 12.6 15.0 139 146 4.5 
25.7 8.5 1.2 15.5 164 89 45.8 
12.5 12.9 12.7 1.1 190 172 9.6 
3.3 8.0 7T 3.6 135 105 22.1 
14.0 9.9 10.7 7.5 175 195 11.5 
4.3 8.4 8.8 4.8 106 104 1.4 
1.2 6.6 6.6 0.0 91 124 37.0 
6.8 7.2 6.6 8.1 94 93 1.6 
6.8 8.6 8.4 2.7 104 93 9.9 
2.3 7.7 7 4.0 135 124 8.5 
4.8 8.4 8.0 4.9 131 105 20.1 
8.8 9.2 8.7 5.2 186 183 1.5 
3.4 6.7 7.2 6.4 143 115 19.3 
12.0 10.5 9.6 8.6 137 130 5.0 
7.8 9.0 8.9 5.7 149 143 12.3 
+ 6.9 + 2.2 + 2,] + 4.3 + 46 + 48 + 11.7 


CV = coefficien- -fvariation of the SD measure; Mear + SD = mean + standard deviation; SD = mean of the standard deviation of all normal sinus RR intervals during successive 
§-minute recordinz asrieds over 24 hours; SDANN = standard deviation of all mean 5-minute normal sinus RR intervals over 24 hours; A% = (day 2 mean heart rate — day 1 mean 


heart rate/day 1) = 200. 





ber for group I subjects showed the largest day-to-day 
variation: 143 + 46 ms on day 1 and 143 + 48 ms on 
day 2. Day-te-day variability was lower for mean SD 
values (76 + 25 and 74 + 23 ms), and least for CV 
values (9.0 = 2.2 and 8.9 + 2.1 ms) on days 1 and 2, 
respectively. | 

Individua. subjects had more marked day-to-day 
variation in ERX variability than did the corresponding 
groups as a hole irrespective of the measure used, 
ranging from a low of 0% to a high of 46% for the 
SDANN, fron 0 to 26% for the SD, and from 0% to 
16% for CV values. Large day-to-day variation in HR 
variability in a given patient determined by 1 measure 
did not necessarily imply similarly high degrees of vari- 
ability using the other measures (Table I). 

GROUP II (PATIENTS WITH CONGESTIVE HEART FAILURE): 
Table II lists Semographic and HR variability data for 
group II patizzts. Mean RR intervals on day 1 (762 + 
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90 ms) and day 2 (779 + 100 ms) differed only mini- 
mally (r = 0.97). Day-to-day variation in mean RR in- 
terval for individual patients with CHF (0 to 8.3%, 
mean 2.8 + 2.5) was less than for normal subjects (0 to 
13.2%, mean 4.1 + 3.3). 

HR variability was even more reproducible for pa- 
tients with CHF than for normal subjects: mean SD 
values for days 1 and 2 averaged 36 + 16 and 38 + 17 
ms; mean SDANN, 87 + 35 and 87 + 38 ms; and 
mean CV, 4.7 + 1.9 and 4.8 + 1.9 ms, respectively. All 
HR variability measures exhibited high Pearson corre- 
lation coefficients: SDANN = 0.87; SD and CV = 
0.97 (Figure 2}. 

Day-to-day variation in HR variability for individu- 
al patients with CHF was similar to that for normal 


Ki 


subjects: SD, 1 to 28% (mean 8.5 + 7.3); SDANN, 0.7 


to 51% (mean 13.8 + 13.5); and CV=1 to 18% 
(mean 7.9 + 5.2). 
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TABLE ii Demographics, Mean RR Intervals and Heart Rate Variability Data from Two Consecutive ZA Hour Electrocardiographic 
Recordings in Group {| Patients with Congestive Heart Failure 


Mean RR (ms) SD (ms) CV (ms) SDANN (ms) 


Age (yr) —— 
& Sex Day 2 Day 1 Day 2 A% Day 1 Day 2 A% 


71M 
65M 
45M 
48M 
64 F 
60 M 
54 F 
68M 
56M 
52 M 
68 M 
67 M 
65M 
63 M 
55M 
51M 
58M 
56M 
52M 
66M 
62 F 
53 F S : : 
Mean 59 82% M . i : j : 13.8 
+ SD +7 : : : f ? SE 13.5 





Day 2 (msec) Doy 2 (msec) 
300 


FIGURE 1. Variability of mean RR 
interval, and heart rate variability 
determined using SDANN, SD and 
CV measures on 2 consecutive days 250 500 750 1000 1250 O 50 100 150 200 250 300 
in 33 normal subjects (group 1). See Day 1 (msec) Day 1 (msec) 

text for discussion. CV = coefficient 
of variation of the SD measure; 

SD = mean of the standard devi- 
ation of all normal sinus RR inter- 
vals during successive 5-minute re- 
cording periods over 24 hours; Day 2 (msec) 
SDANN = standard deviation of ail 150 
mean 5-minute normal sinus RR in- 
tervals over 24 hours. 125 


100 
75 


50 


25 50 75 100 125 150 
Day 1 (msec) 
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Heart rate variability reproducibility: Reproducibili- 
ty of all HR variability measures tested was also very 
similar for the 2 groups as a whole; the CV measure 
showed the smallest day-to-day variation and the high- 
est correlatior coefficient. Use of the CV measure re- 
sulted in sigtificantly fewer patients with day-to-day 
variations 220%, the chi-square test for SD versus CV 
having an aporoximate p value of 0.05 and for CV 
versus SDANN p <0.01. HR variability values in 
the range associated with increased risk of mortali- 
ty!-46 Ge, SDANN <50 ms and SD <30 ms) 
showed less déy-to-day variation (Le, were more repro- 
ducible) than the high HR variability values in normal 
subjects. In = of the 4 patients with a day 1 SDANN 
<50 ms, the day 2 SDANN also was <50 ms. In the 
fourth subjec: it was only just slightly higher (69 ms). 
In 4 of 6 patieats with SDANN >100 ms on day 1, the 
value remained >100 ms on day 2 and decreased only 
moderately (to 85 to 89 ms) in the remaining 2 (Table 
II). In no paent did SDANN change from >100 to 
<50 ms between the 2 monitorings. All 8 patients with 
a SD value =30 ms on day 1 had similarly low values 
on day 2. Conversely, there were no changes from >30 
to <30 ms. 


Day 2 (msec) 


Day 2 (msec) 


Zo 500 750 1000 1250 


Day 1 (msec) 


Day 2 (msec) 


Day 1 (msec) 
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Relation between mean heart rate and heart rate 
variability: GROUP I (NORMAL SUBJECTS): Despite consid- 
erable interindividual differences in SD and SDANN 
values for given mean RR intervals, there was a moder- 
ate but significant correlation between the mean 24 
hour RR interval and the SD and SDANN values 
(r = 0.64 and 0.54, respectively) (Figure 3). In con- 
trast, CV values did not correlate with mean RR. 

GROUP II (PATIENTS WITH CONGESTIVE HEART FAILURE): 
Individual CHF patients with identical or comparable 
mean 24-hour HR often exhibited considerable dif- 
ferences in HR variability determined by SD and 
SDANN measures. Although group SD and SDANN 
values were lower for those with CHF than for normal 
subjects (Figure 4), persons in the 2 groups exhibited a 
similar range of HR variability. Relation between 24- 
hour mean RR intervals and mean SD and SDANN 
values were similar to those in group I (r = 0.52 and 
0.50, respectively) (Figure 3). 

Differences in mean heart rate and heart rate vari- 
ability between group I and Il subjects: Group II pa- 
tients (CHF) had a higher mean HR than group I sub- 
jects (normal): average mean 48-hour RR interval = 
770 + 94 and 814 + 93 ms for the 2 groups, respec- 


100 150 FIGURE 2. Variability of mean RR 
Day 1 (msec) interval, and heart rate variability 
determinations using SDANN, SD 


and CV measures on 2 consecutive 
days in 22 patients with congestive 
heart failure (group II). See text for 
discussion. Abbreviations as in Fig- 
ure 1. 
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tively, but the differences did not reach significance 
(p = 0.09). Day 1 HR variability was significantly low- 
er for patients with CHF than for normal subjects, irre- 
spective of the measure used: SD 36 + 16 vs 76 + 25 
ms (p <0.001); CV 4.7 + 1.9 vs 9.0 + 2.2 (p <0.001); 
SDANN 87 + 35 vs 149 + 46 ms (p <0.001), respec- 
tively (Figure 4). SD and CV values were not normally 
distributed, so significance was determined using the 
rank sum test. Despite the large overall group differ- 
ences, there was a considerable overlap between sub- 
jects in the 2 groups. Day 2 findings were similar. 
Gender-related differences: Mean HR was signifi- 
cantly higher in women than in men (mean RR inter- 
val = 748.8 + 69.4 vs 862.9 + 77.9 ms, p <0.01). HR 
variability determinations using the SDANN measure 
were significantly lower for women than for men; the 
SD measure approached significance. In contrast, CV 
values did not differ for the 2 groups (Table III). 


DISCUSSION 

Our study revealed the following results: (1) Mean 
group HR variability values for both normal subjects 
and patients with heart disease were highly reproduc- 
ible as were mean group differences. However large 


SD (msec) 


700 800 900 
Mean R~R (msec) 


1000 


700 800 $00 
Mean R-R (msec) 


1000 


1100 


1100 





day-to-day variations in SD, SDANN and CV values 
occurred in some subjects, particularly those with high 
HR variability. In contrast, patients with low HR vari- 
ability values had much less day-to-day variation. (2) 
Mean HR was higher and HR variability lower in pa- 
tients with CHF than in normal subjects. (3) Mean 
HR also was higher and HR variability lower in wom- 
en than in men. (4) Mean HR must be considered 
when interpreting differences in HR variability. Use of 
the CV measure minimizes this problem. 

Day-to-day variance in mean heart rate and heart 
rate variability: Days | and 2 mean HR determinations 
were nearly equal for the 2 groups. Mean group values 
for all HR variability measures studied also were highly 
reproducible (r = 0.87 to 0.97, Tables I and I, Figures 
1 and 2). In contrast, considerable day-to-day varia- 
tions in HR variability were noted in individual sub- 
jects, ranging from 0 to 46% in the normal and 0 to 
51% in the CHF group, respectively. Maximal day-to- 
day differences in HR variability were lowest for CV 
and highest for SDANN values. That the CV measure 
was the most reproducible of the 3 support the view 
that day-to-day variations in HR variability partly re- 
flect changes in HR, presumably secondary to varia- 


Group |l 


SD (msec) 


70 


500 800 900 
Mean R~R (msec) 


1000 1100 


SDANN (msec) 


200 
175 
150 
125 


© 


500 800 $00 
Mean R-R {msec} 


1000 1100 


FIGURE 3. Correlation of heart rate (expressed as mean RR interval) and heart rate variability determined using SD and 
SDANN measures on day 1 in 33 normal subjects (group D and 22 patients with congestive heart failure (group Ill). See text for 


discussion. Abbreviations as in Figure 1. 
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ene 


tions in autozomic tone in conjunction with changes in 
physical actrty, emotional state, and so forth. How- 
ever, use of fe CV measure for identifying patients at 
increased risz of dying remains to be determined by 
clinical trial 


TABLE iH NeE/Female Mean Heart Rate and Heart Rate 
Variability in “rma! Subjects 


Men (n = 19} 


Women (n = 14) 


Mean SD Mean SD p Value 


Age (years) 

Mean RR (ms) 

Mean HR (bea-s-min) 
SD {ms) 

SDANN (ms) 

CV (%) 


HR = heart rate her abbreviations as in Table L 





Mean R—-R 
(msec) (msec) 

1150 300 
1050 250 
950 . l 200 : 
sso)” 150 : 
[318297 -f 
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S déi i 

650 i ; 


550 











Day-to-day variation of 1 HR variability measure 
did not always parallel that for the other measures, e.g., 
large changes in SD in group I subjects (nos. 4 and 21) 
were paralleled by similar changes in SDANN, where- 
as subjects 9 and 20, with approximately the same 
changes in SD, exhibited much smaller variations in 
SDANN values. Because we carefully excluded 1 RR 
interval preceding and 2 RR intervals following ectopic 
beats, as well as subjects with atrioventricular block, 
changes in ectopic frequency or atrioventricular con- 
duction between days 1 and 2 could not be a factor. 
Differences in the frequency bands of the power spec- 
trum reflected by the SD and SDANN measures rep- 
resent 1 possible explanation. Myers et al!! showed the 
SD measure to be sensitive to spectral components B- 
D, a wide frequency band (0.05 to 0.50 Hz) that in- 
cludes the component associated with vagally mediated 


SDANN 


149246 °° 


FIGURE 4. Dot plots comparing day 1 


G J G 
Gen Ee? SE SIRARI mean RR interval and heart rate vari- 
ability (SDANN, SD and CV measures) 
for normal group ! subjects and group 
il patients with congestive heart fail- 
ure. See text for discussion. Abbrevia- 
CV tions as in Figure 1. 
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respiratory rate changes. In contrast, the SDANN 
measure is much more sensitive to component A of the 
power spectrum, a much narrower frequency band 
(0.0167 to 0.05 Hz) that is associated with the vasomo- 
tor and renin-angiotensin control systems! and is sensi- 
tive to posture and activity changes affecting HR by 
nonvagal mechanisms, 

Relations between mean heart rate and heart rate 
variability: In accordance with other studies,!* we 
found a correlation between mean RR interval and HR 
variability determinations using the SD and SDANN 
measures for both groups I and JI; the correlation coef- 
ficients of 0.54 and 0.50 for the SDANN measure 
were comparable to that (r = 0.52) reported by Kleiger 
et al! for postmyocardial infarction patients. Rich et al? 
reported an inverse correlation (r = —0.38) between 
HR and SDANN in patients undergoing cardiac cath- 
eterization. In our study, the correlation was similar for 
both groups (Figure 3). For a given HR, HR variabili- 
ty of normal subjects was higher than that of patients 
with heart disease. To the extent that HR variability 
reflects parasympathetic activity, this observation sup- 
ports conclusions that parasympathetic control may be 
defective in patients with heart disease.5!3 

Group differences in mean heart rate and heart rate 
variability: Mean RR interval was shorter and HR 
variability (all measures) lower in patients with CHF 
than in normal subjects. This agrees with findings by 
Casolo et al. However, differences in the HR variabili- 
ty measures used preclude direct comparisons. In addi- 
tion, patients with CHF in their study did not take digi- 
talis glycosides. This contrasts with our own patients 
with CHF, all of whom were taking digoxin. Digitalis 
glycosides are known to enhance vagal activity! and, 
as such, would be expected to increase HR variability, 
which largely reflects parasympathetic activity. There- 
fore, the use of digoxin would, if anything, tend to min- 
imize differences in HR variability between the 2 
groups, which nevertheless were significant for all HR 
variability measures tested. 

It is pertinent that the mean age of the normal sub- 
jects was much lower than that of the patients with 
CHF, a condition that complicates the interpretation of 
the data. Since HR variability would be expected to be 
higher in young than in middle-aged and elderly sub- 
jects,!* the extent to which age difference, per se, un- 
derlies observed HR variability differences between 
group I and II subjects remains to be clarified. How- 
ever, except for borderline low values in group I subject 
4 (SD = 32 ms and SDANN = 59 ms on day 2), HR 
variability of all normal subjects was well outside the 


bw. range reported for patient populations with different 


disease states.!-© The fact that a small number of our 


patients with CHF have HR variability values in the 
normal range probably reflects persistence of vagal ac- 
tivity in association with reasonably good compensa- 
tion. 

Given the inverse correlation between HR and HR 
variability, differences in mean HR between different 
recording periods may influence the reproducibility of 
HR variability and should be taken into consideration 
when groups or individual subjects, or both, are com- 
pared. The new CV measure, which is normalized for 
HR, minimizes or eliminates this potentially confound- 
ing factor. 

Gender and heart rate variability: This study con- 
firms findings by Rich et al,* using the SDANN mea- 
sure, of a lower HR variability in women than in men 
(Table HI). However, they did not comment on their 
findings or provide mean HR data for men and wom- 
en. Gender differences in HR variability in our study 
appear to largely reflect differences in HR (Ge the 
lower mean HR in men), because determinations using 
the CV measure, which corrects for HR, were approxi- 
mately equal for the 2 sexes. 
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VALVULAR HEART DISEASE 


Comparison of Transthoracic and 
Transesophageal Echocardiography for 
Assessment of Left-Sided Valvular Regurgitation 


Ramon Castello, MD, Leonard Fagan, Jr., MD, Patricia Lenzen, 
Anthony C. Pearson, MD, and Arthur J. Labovitz, MD 


To compare transthoracic and transesophageal 


echocardiography in the clinical assessment of 
left-sided valvular regurgitation, 118 patients 
who underwent both transesophageal and trans- 
thoracic echocardiographic studies within a 24- 
- hour period were included in this study. Pres- 
ence or absence of aortic regurgitation was iden- 
tified concerdantly by both techniques in 93 
patients (79°90). Complete agreement between 
both techniques was found in 88 patients (75%). 
Presence or absence of mitral regurgitation was 
identified concordantly by both techniques in 89 
patients (75%). Complete agreement in grade 
was found in only 74 patients (63%). Twenty- 
nine patients (259%) had mitral regurgitation de- 
tected by transesophageal echocardiography, 
but not by transthoracic echocardiography. Four 
of these patients (149%) had significant (2 to 3+) 
mitral regurgitation. Differences between transe- 
sophageal and transthoracic echocardiography 
do not appear to be clinically important in pa- 
tients with aortic regurgitation. In mitral regurgi- 
tation, significant differences exist between 
these 2 techniques, with transesophageal echo- 
cardiography being much more sensitive. 

(Am J Cardiol 1991;68:1677-—1680) 
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tive technique for detecting valvular regurgita- 

tion and provides a semiquantitative method of 
estimating severity. Previous studies using transthoracic 
echocardiography have demonstrated a good correla- 
tion between measurements of the color flow regurgi- 
tant jets and the angiographic severity of aortic and 
mitral regurgitation.'!2 Thus, accurate criteria have 
been defined to assess the severity of mitral or aortic 
regurgitation by color flow Doppler transthoracic echo- 
cardiography. Despite the increasing use of transesoph- 
ageal echocardiography, only a few studies have exam- 
ined the evaluation of left-sided valvular regurgitation 
by this technique and compared it with that by angiog- 
raphy or transthoracic echocardiography.>-> Because 
both techniques are now often performed on the same 
patients, the purpose of the present study was to com- 
pare transthoracic and transesophageal echocardiogra- 
phy in both the identification and estimation of the se- 
verity of aortic and mitral regurgitation. 


D oppler color flow echocardiography is a sensi- 


METHODS 

Patients: In all, 138 patients who underwent both 
transesophageal and transthoracic echocardiographic 
studies within a 24-hour period without a significant 
intervening change in clinical status were included in 
this study. Twenty patients who had mitral valve pros- 
theses (15 mechanical and 5 biological) were excluded 
from the study. Thus, 118 patients constituted the 
study group. Both echocardiographic studies were per- 
formed as part of the routine clinical evaluation of these 
patients. To avoid changes in hemodynamic conditions 
between the 2 echocardiographic studies, no intraopera- 
tive studies were included. 

Indications for the echocardiographic studies were 
unexplained cerebrovascular ischemia in 37 patients 
(32%), possible aortic dissection in 11 (9%), assessment 
of mitral regurgitation severity in 25 (21%), evaluation 
for cardiac mass in 10 (8%), premitral balloon valvulo- 
plasty in 7 (6%), evaluation of left ventricular function 
in 5 (4%), endocarditis in 11 (9%) and miscellaneous in 
12 (11%). Written informed consent was obtained from 
all patients for transesophageal studies. 

Echocardiographic studies: Color flow echocardiog- 
raphy was performed using commercially available sys- 
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tems (Hewle= Packard 77020 AC or Interspec 750 
CFM) with 2 2.5 MHz transthoracic transducer and 
a 5 MHz trensesophageal transducer. Transthoracic 
studies were performed using multiple planes, including 
2-, 4- and 5-<camber views, and parasternal short- and 
long-axis viera. Instrument settings such as color gain, 
depth, Trans ez power and color flow map were individ- 
ualized to y.¢d optimal images. For transesophageal 
echocardiogr=phic studies, the mitral and aortic valves 
were evaluatec by using the standard 4- and 5-chamber 
views, and tke basal short axis view or slight modifica- 
tions of thes=, or a combination. The transmit power 
and color flor map were carefully maintained through- 
out all the st des Color flow gain was set to immedi- 
ately below <= level where the artifacts began to ap- 
pear. All stud_zs were recorded on a one-half inch VHS 
video tape fcr further analysis. 

Color flow analysis: Tapes were carefully reviewed 
by 2 indepen=ent observers unaware of the transthorac- 
ic and trans=ophageal echocardiographic results, re- 
spectively. T-e degree of mitral regurgitation was 
assessed by zoth transesophageal and transthoracic 
studies using a 0 to 3+ scale (0 = none, 1 = mild, 
2 = moderate: and 3 = severe) based on the estimated 
maximal regi -gitant area. For transthoracic studies, 
mitral regurg-ation was considered mild (1+) when 
the maximal regurgitant area was <4 cm?, moderate 
(2+) when the maximal regurgitant area was 4 to 8 
cm’, and serere (3+) when the maximal regurgitant 
area was >& mi 6 For transesophageal studies, the 
cutoff points Dr mild, moderate and severe regurgita- 
tion were 3 and 6 cm?. 7 Aortic regurgitation was quan- 
titated by bo-= transesophageal and transthoracic stud- 
ies based on the ratio of regurgitant jet width and left 
ventricular og low tract diameter or of regurgitant jet 
area and aoz—c root area using the short-axis view. 
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FIGURE 1. Correlation between semiquantitative visual esti- 
mation of degr== of mitral regurgitation and off-line planime- 
tered maximal regurgitant area in transesophageal studies. 


Aortic regurgitation was considered mild (1+) when 
the estimated ratio was <25%, moderate (2+) when 
the ratio was 25 to 50%, and severe (3+) when the 
ratio was 250%. 

In 56 patients (control group), the maximal regurgi- 
tant jet area obtained by transesophageal echocardiog- 
raphy was traced to be compared with the subjective 
assessment of the severity of valvular regurgitation. The 
videoframe containing the maximal regurgitant jet area 
from any view was selected for analysis. All measure- 
ments were obtained using a commercially available 
echocardiographic analysis system. Only the mosaic as- 
pect of the regurgitant areas was measured by direct 
planimetry. Adjacent low-velocity swirling flow was not 
included in the measurements. 

Statistical analysis: Correlation between the semi- 
quantitative estimation of the valvular regurgitation 
and the maximal regurgitant area values were obtained 
with the Pearson correlation coefficient. 


RESULTS 

A very good correlation (r = 0.85) was obtained be- 
tween the visual semiquantitative estimation of the se- 
verity of regurgitation and the off-line planimetered 
maximal regurgitant jet area (Figure 1) in the transe- 
sophageal studies of 56 patients used as the control 
group. 

Aortic regurgitation: Presence or absence of aortic 
regurgitation was identified concordantly by both 
techniques in 93 patients (79%) (Figure 2). Comp- 
lete agreement between both techniques was found for 
88 patients (75%). Transesophageal echocardiography 
identified 21 patients (18%) with aortic regurgitation 
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FIGURE 2. Comparison of transesophageal and transthoracic 
results in the evaluation of aortic regurgitation. 


1678 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 


m 








that was not observed with transthoracic studies. All 21 
patients had 1+ aortic regurgitation by transesophageal 
echocardiography. Conversely, transthoracic echocardi- 
ography identified 4 patients (3%) with aortic regurgi- 
tation not observed with transesophageal echocardiog- 
raphy. All these patients had 1+ aortic regurgitation. 
Among the 30 patients with aortic regurgitation detect- 
ed by both techniques, there was a difference of 1 grade 
in 4 patients (13%) and of 2 grades in only 1 patient 
(3%). In 2 of the 4 patients with a 1-grade difference, 
the degree of aortic regurgitation was greater with 
transesophageal echocardiography. One of these 2 pa- 
tients had technically difficult surface echocardiograms, 
and the other had a vegetation that was not seen with 
transthoracic echocardiography. In 2 patients, the de- 
gree of aortic regurgitation was more severe by trans- 
thoracic echocardiography. One of these patients had a 
severely dilated and elongated aortic root that resulted 
in a difficult assessment of aortic regurgitation by 
transesophageal echocardiography due to the inability 
to obtain a true short-axis view. The remaining patient 
had associated aortic stenosis. The patient with a 2- 
grade difference had a technically difficult transthorac- 
ic study. 

Mitral regurgitation: Presence or absence of mitral 
regurgitation was identified concordantly by both tech- 
niques in 89 of 118 (75%) patients (Figure 3). Com- 
plete agreement in grade was found for only 74 patients 
(63%). Twenty-nine patients (25%) had mitral regurgi- 
tation detected only by transesophageal echocardiogra- 
phy. Twenty-five (86%) of these patients had 1+, 3 
patients (10%) had 2+, and 1 patient had 3+ mitral 
regurgitation. The patient with severe (3+) mitral re- 
gurgitation had a technically difficult surface study. 
Among the 63 patients with mitral regurgitation detect- 
ed by both techniques, 14 (22%) had a l-grade and 1 
(2%) had a 2-grade difference. The patient with a 2- 
grade difference had a technically difficult surface 
echocardiogram. Of the 14 patients with a 1-grade dif- 
ference, 9 had a greater degree of mitral regurgitation 
by transesophageal echocardiography and 5 by surface 
echocardiography. Of the latter 5 patients, 1 had mitral 
valve repair, 2 had associated mitral stenosis and 2 had 
papillary muscle dysfunction with poor left ventricular 
contractility. Of the 9 patients with more severe mitral 
regurgitation by transesophageal echocardiography, 3 
had technically difficult surface studies, 3 had papillary 
muscle dysfunction secondary to myocardial ischemia 
and had poor left ventricular function, and 3 had eccen- 
tric jets secondary to flail mitral leaflet. 


N. DISCUSSION 


During the past decade, Doppler echocardiography 
has been established as the noninvasive method of 
choice for the evaluation of patients with valvular re- 


eurgitation. Pulsed, continuous-wave and, most recent- 
ly, color flow Doppler have all been shown to correlate 
well with invasive measurements of valvular regurgita- 
tion using standard transthoracic Doppler echocardiog- 
raphy. 128 

Transesophageal echocardiography has been used 
with increasing frequency over the past years. Indica- 
tions for this procedure are many and often include 
evaluation of patients with valvular heart disease.®.? 
Unfortunately, few data exist evaluating the accuracy 
of transesophageal Doppler echocardiography in the di- 
agnosis and quantitation of valvular regurgitation. Fur- 
thermore, methods for assessing regurgitant lesions by 
conventional transthoracic Doppler echocardiography 
may not apply to transesophageal echocardiography 
where ultrasound attenuation is markedly reduced.’ 

Mitral regurgitation: The degree of mitral regurgi- 
tation was quantitated from transthoracic and trans- 
esophageal studies by the size of the regurgitant 
jet.’ Transesophageal echocardiography appeared to 
be much more sensitive for the detection of mitral re- 
gurgitation. In fact, one fourth of the patients in whom 
mitral regurgitation was detected by transesophageal 
echocardiography had no evidence of regurgitation by 
transthoracic study. More importantly, 14% of these 
patients had hemodynamically significant lesions (mod- 
erate to severe mitral regurgitation). Similar results 
were obtained by Smith et a? who compared the regur- 
gitant jet area size in transesophageal and transthoracic 
studies. Both quantitative and semiquantitative visual 
grading of mitral regurgitant jets revealed a higher 
grade of regurgitation by esophageal imaging. 
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FIGURE 3. Comparison of transesophageal and transthoracic 
results in the evaluation of mitral regurgitation. 
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Aortic regurgitation: The difference between trans- 
thoracic and transesophageal studies in the detection 
and quantita—on of aortic regurgitation was not nearly 
as great as that of mitral regurgitation. Transesophage- 
al echocardiezraphy detected aortic regurgitation not 
noted by tra=sthoracic study in only 17% of patients. 
The fact that regurgitation was judged to be mild in all 
cases was als) noteworthy. In addition, there were 5 
patients witt mild aortic regurgitation identified only 
by transthoracic study. Likewise, there was much closer 
agreement it the degree of regurgitation as estimated 
by both techniques. Therefore, it appears that the ad- 
vantages of ansesophageal echocardiography in the 
evaluation o ~he mitral valve, including unimpeded ul- 
trasound beexa and proximity to the regurgitant jet, are 
not present im the evaluation of aortic valve pathology. 
Often, there 6 some degree of acoustic impedance of 
the echoes im the left ventricular outflow tract beyond 
the calcified aortic valve. It can be difficult to evaluate 
the full cours of the aortic regurgitant jet using 1- 
plane transd_cers. 

Conclusies: Differences exist in the quantitation of 
left-sided vasalar regurgitation as measured by trans- 
thoracic and transesophageal echocardiography, and es- 
timated sencLuantitatively. These differences do not 
appear to be clinically important in patients with aor- 
tic regurgitation, particularly when a high-quality 
transthoracic study is performed. However, in mitral 
regurgitation, significant differences exist, with transe- 
sophageal echocardiography being much more sensi- 


tive. Quantitative color flow Doppler studies> have con- 
firmed these findings. Transesophageal echocardiogra- 
phy should be strongly recommended for the evaluation 
of suspected mitral regurgitation, particularly when im- 
portant clinical decisions may be based on the outcome 
of the study. 
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CONGENITAL HEART DISEASE 


Pulmonary Valve-Moderator Band Distance and 
Association with Development of 
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Double-chambered right ventricle (DCRV), a 
form of right ventricular outflow obstruction that 
sometimes accompanies a ventricular septal de- 
fect (VSD), is associated with superior and right- 
ward displacement of the septal insertion of the 
moderator band. It was hypothesized that this 
superior displacement is present and identifiable 
by echocardiography in patients with a VSD 
even before right ventricular outflow tract ob- 
struction develops. Eight patients who had a pre- 
vious echocardiographic study showing a VSD 
alone were echocardiographically diagnosed as 
having DCRV. Their initial echocardiographic 
studies were reviewed, and superior displace- 
ment of the moderator band was quantified by 
measuring the distance between the pulmonary 
valve and moderator band, normalized to tricus- 
pid anulus diameter. These measurements were 
compared with those from the initial studies of 
the following 3 other groups: (1) an age-matched 
group of 10 patients with no structural heart dis- 
ease; (2) an age-matched group of 10 patients 
with a VSD who did not develop DCRV; and (3) a 
group (not age-matched) of 10 patients with 
VSD and DCRV in whom subpulmonary obstruc- 
tion was present on the initial study. The 8 pa- 
tients who eventually developed subpulmonary 
obstruction had significant superior displace- 
ment of the moderator band at the time of their 
initial echocardiogram compared with that of the 
2 age-matched control groups (p <0.01). In con- 
trast, there was no significant difference in mod- 
erator band displacement between these patients 
and the 10 with DCRV who already had right 
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ventricular outflow obstruction at their initial 
study (p = not significant). 

Superior displacement of the moderator band 
is quantifiable by 2-dimensional echocardiogra- 
phy and may help to predict which infants with a 
VSD are at risk to develop subpulmonary ob- 
struction. 

(Am J Cardiol 1991;68:1681~—1686) 


form of right ventricular outflow obstruction 
characterized by muscular narrowing that par- 
titions the right ventricle into an inflow and outflow 
chamber. It is anatomically distinct from tetralogy of 
Fallot, where right ventricular obstruction is the result 
of anterior malalignment of the infundibular septum. 
For more than a century, this type of muscular subdivi- 
sion of the right ventricle has been recognized as a 
pathologic entity. However, it was not until the early 
1960s that its natural history and distinct laboratory 
findings were first described.>-° Since then, the patho- 
logic, angiographic and echocardiographic features of 
DCRYV, as well as its surgical repair and long-term fol- 
low-up, have been reported 217 
DCRV is an acquired form of outflow obstruction 
that often develops in association with a ventricular sep- 
tal defect (VSD).°!3 This conclusion is supported by 
the following 3 observations: (1) Most cases of DCRV 
are diagnosed after the neonatal period.45’ (2) Pro- 
gression of right ventricular outflow obstruction in un- 
repaired DCRV has been well-documented by cathe- 
terization.*>.7:!2:14 (3) DCRV is associated with a VSD 
at the time of diagnosis in 80 to 90% of cases.*? The 
actual incidence of development of DCRYV in patients 
with a VSD is still unclear. During the past 10 years, 
approximately 3% of patients at our institution diag- 
nosed with a membranous VSD have also had DCRV, 
and a recent surgical report noted a 10 to 11% inci- 
dence of DCRV in all patients undergoing surgery for a 
VSD.'? Consequently, it would be useful to know what 
anatomic features recognizable by echocardiography 
may predict which infants with a VSD are likely to 


D ouble-chambered right ventricle (DCRV) is a 
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develop DCH NV. The purpose of this study was to iden- 
tify such feazares. 


METHODS 

Patient selection: All patients diagnosed with 
DCRY and SD between July 1986 and July 1989 at 
our institutioz were identified by a search of the com- 
puterized cardiology database. The diagnosis of DCRV 
was based or zhe following echocardiographic criteria: 
(1) muscular subpulmonary obstruction without evi- 
dence of antecior deviation of the infundibular sep- 
tum!®; and (2: a Doppler maximal instantaneous gradi- 
ent of 220 m Hg at the site of anatomic narrowing. 
Patients with =ther congenital heart defects (including 
tetralogy of Fallot, double-outlet right ventricle and 
aortic stenosis ! were excluded. The patients were divid- 
ed into the folowing 2 groups: those who had a prior 
echocardiogrethic examination demonstrating only a 
VSD with nc significant right ventricular outflow gra- 
dient (preDCRV patients); and those who already had 
a right ventricalar outflow gradient >20 mm Hg at the 
initial echoca-tiogram (DCRYV patients). 

Two contml groups matched for age with the 
preDCRYV erop were randomly chosen from all pa- 
tients who had an echocardiogram between July 1986 
and July 198¢ and were grouped as follows: (1) 10 with 
no structural "art disease (normal patients); and (2) 
10 with a membranous VSD at the initial study who 
did not deve o3 right ventricular outflow obstruction 
(VSD patients? during a follow-up period comparable 
in length to tzat of the preDCRYV patients. 
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FIGURE 1. Inte—er of right ventricle with free wail removed. 
Distance betweea midpoint of septal insertion of moderator 
band and pulmc-ary valve anulus represents displacement 
distance. Moderator band is thickened and superiorly dis- 
placed to illustra-e changes that might be seen in double- 
chambered right rentricle. 





Design of measurements: Based on a review of the 
literature we hypothesized that the most likely mecha- 
nism for subpulmonary obstruction in DCRV was su- 
perior displacement of the moderator band.8-!21415 To 
quantify this we measured the distance between the 
pulmonary valve anulus and the septal insertion of the 
moderator band (displacement distance; Figure 1) by 
echocardiography and from pathologic specimens. In 
order to obtain comparisons between patients of differ- 
ent body and heart sizes, the displacement distance was 
normalized (Ge, indexed) by dividing it by the tricuspid 
anulus diameter (displacement index). 

Echocardiographic studies: All echocardiograms 
were performed with a Hewlett-Packard 77020 or Acu- 
son cardiac imager equipped with a 5 MHz short- or 
medium-focus transducer. A complete examination was 
performed in each case, including subxiphoid, apical, 
parasternal and suprasternal notch views. Sedation with 
chloral hydrate was used when necessary. The exami- 
nations were recorded on one-half inch videocassette 
tape. The videctape of each patient’s echocardiogram 
was reviewed, and selected still frames were identified. 
Hard copies were obtained using a Mitsubishi thermal 
printer, and measurements were made directly on the 
printed image. 

Displacement distance was measured at end-diastole 
in the subxiphoid short-axis view from the midpoint of 
the insertion of the moderator band in the ventricular 
septum to the pulmonary valve anulus (Figure 2). The 
end-diastolic frame was taken as the frame immediate- 
ly before ventricular contraction occurred. Tricuspid 
anulus diameter was measured in the apical 4-chamber 
view at early tc mid-diastole when the inflow dimen- 
sions were greatest. Measurements of displacement dis- 
tance and tricuspid valve diameter were obtained inde- 
pendently by 2 observers. VSD diameter was measured 
at end-diastole in the parasternal long- and short-axis 
views (1 measurement in each plane), and an average 
value was obtained. Doppler velocity across the right 
ventricular outflow tract (right ventricular outflow ve- 
locity) was recorded. Maximal instantaneous gradient 
was estimated using the modified Bernoulli equation 
(gradient = 4 X [velocity]*).!¢ 

Pathologic studies: Each measurement was also 
performed on selected pathologic specimens in the car- 
diac registry collection at our institution. Specimens 
were obtained from the following 3 groups: (1) patients 
with a structurally normal heart (“normal” specimens); 
(2) patients with a membranous VSD alone (VSD 
specimens); anc (3) patients with DCRV (DCRV 
specimens). In each of the first 2 groups, 15 specimens 
were randomly selected for examination. In the third 
group, all specimens were examined, although only 5 


1682 THE AN=RICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 








met the criteria of DCRYV and had no other congenital 
cardiac lesions. 

Measurements were made directly on each speci- 
men. The anatomic sites defining the end points of the 
line to be measured were identified. The end of a 
straight dissection probe was placed at | site, and the 
location of the other site was marked on the probe with 
a dissection clamp. Each measurement was repeated 3 
times, and the mean value was used for data analysis. 
The measurements were obtained in anatomic planes 
comparable to the relevant echocardiographic planes. 
Measurements were indexed for tricuspid anulus diam- 
eter. 

Statistics: Data are presented as mean value + 
standard deviation for each group of measurements. In 
both the echocardiographic and pathologic studies, nor- 
malized measurements were compared among groups 
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FIGURE 2. Still frames obtained from 2-dimensi 
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using 1-way analysis of variance. Statistical significance 
of the differences between groups was assessed by the 
Student-Newman-Keuls test for multiple subject group 
comparison. Interobserver variability was assessed using 
a paired f test. For all tests, a p value <0.05 was con- 
sidered significant. 


RESULTS 

Echocardiography: Eighteen patients were iden- 
tified who had the echocardiographic diagnosis of 
DCRY and VSD. Of these, 8 patients had a previous 
echocardiogram showing no right ventricular outflow 
obstruction (preDCRV group). Mean age of these pa- 
tients at the time of initial echocardiogram was 0.7 + 
0.4 months. The remaining 10 patients already had 
right ventricular outflow obstruction on their initial 
study (DCRYV group). Mean age at the time of study 
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tient (B), double-chambered right ventricle (DCRV) patient (CL and preDCRYV patient (D). Echocardiograms were obtained in 
subxiphoid short-axis view with leftward angulation of transducer. Because of this angulation, VSD is not visible in 8 through D. 
Displacement distance is separation between moderator/septal band junction (asterisks) and pulmonary valve (arrows). Moder- 
ator band appears superiorly displaced in both preDCRV and DCRV patients, but not in normal or VSD patients. A = anterior; 

| = inferior; LV = left ventricle; preDCRV = ventricular septal defect with no significant right ventricular outflow gradient; 


RV = right ventricle; $ = superior. 
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TABLE I Echccerdiographic Measurements 


Normal 


Displacem=2:c distance (mm) 
Observerrz. 1 
Observer r=. 2 

TVA (mm) 

Observerr— i 
Observerr—. 2 

Displacem=2=x index 
Observer7— 1 
Observer —— 2 


17.3+2.9 
18.3 + 2.94 


12.3+1.8 
1155 


1420.14 
1.6 + 0.18ł 


19.1 3.9 9.9 + 2.5* 
18.4 + 3.1 Lee" 


EE 
EE 


Groups 


PreDCRV 


14.2 + 3.6T 
16.9 + 3.3§ 


12.9 + 1.6 
14.1+3.3 


18.4 + 2.8] 
18.9 + 5.6] 


1.6 + 0.28 
1.4 + 0.33 


0.78 x 0.19% 
0.90 + 0.18* 


0.76 + 0.13* 
0,79. = 0.22* 


Intraobserver comn==isons: Sp <0,01 vs normal, VSD group; tp <0.05 vs VSD, preDCRV group; §p <0.01 vs preDCRV group; lp <0.01 vs normal, VSD and preDCRV groups. 


Interobserver con==isons: tp <0.05, observer no. 1 vs no. 2 


DCRV = double~:-Eambered right ventricle; PreDCRV = ventricular septal defect with no significant right ventricular outflow gradient; TVA = tricuspid valve anulus; VSD = 


ventricular septal dee. 


was 17.7 + 9 months. Mean age at the time of initial 
study was 0. + 0.5 months for the normal patients, 
and 1.0 + 0.9 sonths for the VSD patients. There was 
no significant difference in mean ages between the 
preDCRV, normal and VSD groups. However, mean 
age of the DERV group was significantly greater 
than those of fhe other 3 groups (p <0.01). Length 
of follow-up +41 not differ significantly between the 
preDCRYV and VSD groups (13.2 + 9.6 vs 15.1 + 7.2 
months; p >0._5). 

Mean displacement index was 0.76 + 0.13 for the 
preDCRV pa: ents, 0.78 + 0.19 for the DCRV pa- 
tients, 1.4 + 114 for the normal patients, and 1.6 + 
0.28 for the VED patients (Figure 3). Displacement in- 
dex did not dr significantly between the normal and 
VSD patients (> >0.05), nor between the DCRV and 
preDCRYV patEnts (p >0.05). However, displacement 
index was sis—ificantly smaller in the DCRV and 
preDCRYV patEnts than in either the VSD or normal 
patients (p <-.D1). Moderator band displacement in 
the DCRV azd preDCRV patients was remarkably 
consistent. All sreDCRYV and 9 of 10 DCRV patients 
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VSD 
1.6 + 0.28 


Normal 


Mean + S.D. 1.4 +0.14 


Pre DCRV 
0.76 + 0.13 








had a displacement index <1.0. In contrast, all normal 
and VSD patients had a displacement index >1.15. In- 
terobserver comparisons demonstrated a significant dif- 
ference in displacement index for normal patients, 
but not for those from the other 3 groups (Table I). 
In addition, the same relation in displacement in- 
dexes among the 4 patient groups was found by each 
observer. 

The subpulmonary maximal instantaneous gradient 
did not differ significantly between the normal and 
VSD groups (2.2 + 2.0 vs 3.9 + 2.9 mm Hg; p >0.05) 
at the time of initial study (Table II). In comparison, 
the preDCRYV patients had a slightly greater subpul- 
monary maximal instantaneous gradient of 7.4 + 3.2 
mm Hg (p <0.01 vs normal group and p <0.05 vs 
VSD group). Mean VSD diameter did not differ signif- 
icantly between the preDCRV and VSD groups, but 
was significantly greater in the older DCRYV patients. 

Pathology: Mean age at death was 8.4 + 5.6 years 
(range 0.8 to 18) for the 15 patients with structurally 
normal hearts, 7.2 + 5.7 years (range 1.2 to 18.1) for 
the 15 patients with a VSD, and 24.8 + 33.9 years 


FIGURE 3. Echocardiographic result (ob- 
server no. 1). Displacement distance is 
normalized to tricuspid anulus diameter 
for all 4 groups. Mean values + standard 
deviation (5.D.) are displayed below each 
category. Displacement distance is signifi- 
cantly less in the PreDCRV and DCRV 
groups than in the normal and VSD 
groups. NS = not significant; other abbre- 
viations as in Figure 2. 
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TABLE H Additional Echocardiographic Data 


Normal 
Mean VSD diameter (mm) 
Doppler measurements 
VSD gradient {mm Hg) 
RV outflow gradient (mm Hg) 


10.2 + 8.5 


Groups 


PreDCRV 


50° 1,5 46+ 1.4 8.3 252.27 
4.1+3.4 


7.4 + 3.24 


15.3 + 15.27 


3.9 + 2.9 55.7 + 13.1§ 


*p <0.01 vs VSD and preDCRV groups; tp <0.05 vs preDCRV group; tp <0.01 vs normal and VSD groups; §p <0.05 vs normal, VSD and preDCRV groups. 


RV = right ventricular; other abbreviations as in Table Í. 


(range 0.5 to 84) for the 5 patients with DCRV. Mean 
displacement index was 1.23 + 0.20 for the normal pa- 
tients, 1.30 + 0.31 for the VSD patients, and 0.82 + 
0.20 for the DCRYV patients (Figure 4). There was no 
significant difference in displacement index between the 
normal and VSD patients (p >0.10). However, the dis- 
placement index was significantly smaller in the DCRV 
patients (p <0.01). 


DISCUSSION 

Two major findings emerged from this study. First, 
the moderator band was found to be superiorly dis- 
placed (even at the initial echocardiographic study) in 
those infants with a VSD who eventually developed 
DCRYV. No displacement of the moderator band was 
seen in age-matched patients with a VSD who did not 
develop DCRYV. This suggests that the anatomic sub- 
strate for DCRYV exists before the development of a 
pressure gradient. Possible mechanisms for develop- 
ment of muscular obstruction include: (1) hypertrophy 
of the parietal, moderator and septal bands causing 
progressive stenosis of the proximal os infundibuli; and 
(2) the size of the os infundibuli may not change signif- 
icantly with somatic growth, resulting in a progressive 


FIGURE 4. Pathologic results. Displace- 
ment distance is normalized to tricuspid 
anulus diameter for all 3 groups of speci- 
mens. Mean values + standard deviation 
(S.D.) are displayed below each category. 
Displacement distance is significantly less 
in DCRV than in normal and VSD speci- 
mens. Abbreviations as in Figures 2 and 
3. 


0.0 


Mean i S.D. 





mismatch between the cross-sectional area of the os in- 
fundibuli and the cardiac output. The contribution of a 
left-to-right shunt across the VSD in the genesis of the 
subpulmonary obstruction remains to be determined. 
Second, the superior displacement of the moderator 
band can be detected by echocardiography. Virtually 
all DCRYV and preDCRV patients had a displacement 
index <1.0. Displacement distance can be obtained by 
echocardiography using standard (or slightly angled) 
subxiphoid views. Tricuspid anulus diameter is readily 
obtained from the apical 4-chamber view. Although 
there was a small amount of interobserver variability 
in individual measurements, both observers found the 
same relation in displacement index among the 4 study 
groups. Displacement index values were further corrob- 
orated by examination and measurement of pathologic 
specimens. 

In addition to displacement distance, other measure- 
ments were attempted to quantify the anatomic fea- 
tures of DCRY, such as os infundibuli diameter and 
parietal band length. However, we found these dimen- 
sions difficult to measure accurately and consistently by 
echocardiography. Among all echocardiographic mea- 
surements examined, displacement distance was the 


VSD 
1.30 + 0.31 


DCRV 
0.82 + 0.20 


Normal 
1.23 +0.20 
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easiest to obt=in and the most reproducible. This dis- 
tance was divided by tricuspid anulus diameter to nor- 
malize for OC zrences between patients in right ventric- 
ular volume. Tricuspid anulus diameter has previously 
been shown t= correlate closely with right ventricular 
volume. 17 

This study, our own recent surgical experience and 
much of the zzcent literature8-!0!2.!4-15 support the hy- 
pothesis that DCRYV is due to superior displacement 
and hypertrcpiy of the moderator band. However, it 
should be noced that there is still debate regarding 
the pathologic anatomy of DCRV. Restivo et al!® re- 
ported that there are probably several different types of 
DCRYV, not Z of which have an “anomalous muscle 
bundle.” Other authors have questioned whether the 
anomalous m-scle bundle seen by echocardiography 
and angiogrephy is indeed a hypertrophied and dis- 
placed mode-ator band.!? Whereas superior displace- 
ment of the moderator band suggests an increased risk 
for developm=nt of subpulmonary obstruction, the ab- 
sence of this Fading does not exclude the possibility of 
development zf DCRV by some other mechanism. 
Moreover, um? a large scale prospective study has been 
performed we cannot determine the sensitivity and 
specificity of this finding. 

In conclusion, the echocardiographic finding of a su- 
periorly displaced moderator band in a neonate with a 
VSD implies itcreased risk for the development of sub- 
pulmonary o7struction. In particular, a displacement 
index of <10 should be considered significant, and 
right ventricular outflow tract obstruction should be an- 
ticipated. 
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MISCELLANEOUS 


Acute and Long-Term Effects of Nifedipine on 
Pulmonary and Systemic Hemodynamics in 
Patients with Pulmonary Hypertension 
Associated with Diffuse Systemic Sclerosis, 
the CREST Syndrome and Mixed Connective 
Tissue Disease 


Martin A. Alpert, MD, Thomas A. Pressly, MD, Vaskar Mukerji, MD, Charles R. Lambert, MD, 
Basanti Mukerji, MD, Hercules Panayiotou, MD, and Gordon C. Sharp, MD 


Ten patients with pulmonary hypertension asso- 
ciated with diffuse systemic sclerosis (1 patient), 
the CREST syndrome (calcinosis cutis, Rey- 
naud’s phenomenon, esophageal dysmotility, 
sclerodactyi, telangiectasia) (6 patients) and 
mixed connective tissue disease (3 patients) 
were studied to assess the effect of oral nifedi- 
pine on pulmonary and systemic hemodynamics. 
Each patient underwent right-sided cardiac cath- 
eterization just before nifedipine administration. 
Thereafter, oral nifedipine was administered in 
10 mg increments every 90 minutes until pulmo- 
nary vascular resistance normalized or a total 
dose of 30 mg was achieved. Hemodynamic 
measurements were obtained at 30-minute inter- 
vals for 3 hours, then hourly for 9 hours (acute 
study). Hemodynamic studies were repeated 3 to 
6 months after the initial catheterization with the 
minimum dose of oral nifedipine (administered 
every 8 hours) required to achieve maximal re- 
duction of pulmonary vascular resistance in the 
acute study (long-term study). In the acute 
study, oral nifedipine preduced a significant de- 
crease in mean pulmonary vascular resistance, 
from 6.3 + 3.8 to 4.3 + 3.6 U (p <0.001). Simi- 
lar changes in pulmonary vascular resistance 
were noted in the long-term study (n = 6). The 
results indicate that oral nifedipine is capable of 
producing an acute and sustained reduction in 
pulmonary vascular resistance in patients with 


From the Departments of Internal Medicine, University of South Ala- 


bama College of Medicine, Mobile, Alabama, and University of Mis- 

souri School of Medicine, Columbia, Missouri. Manuscript received 

June 25, 1991; revised manuscript received and accepted August 12, 
1991. 

f Address for reprints: Martin A. Alpert, MD, Division of Cardiolo- 

gy, University of South Alabama College of Medicine, Suite H, 4th 

Floor Mastin Building, 2451 Fillingim Street, Mobile, Alabama 36617. 


pulmonary hypertension associated with diffuse 
systemic sclerosis, the CREST syndrome and 
mixed connective tissue disease. 

(Am J Cardiol 1991;68:1687-—1691) 


patients with the CREST variant of systemic 

sclerosis (calcinosis cutis, Raynaud’s phenome- 
non, esophageal dysmotility, sclerodactyly, telangiecta- 
sia).!-3 It is encountered less frequently in patients with 
diffuse systemic sclerosis and mixed connective tissue 
disease.!~* The severity of pulmonary hypertension in 
these connective tissue diseases is variable, ranging 
from mild to severe.!-2! Pulmonary hypertension may 
result from pulmonary fibrosis, or more often from 
proliferative vascular disease predominantly involving 
small and medium-sized pulmonary arteries.!-73 Specu- 
lation exists that vasospasm may precede, and perhaps 
accompany, the pulmonary vascular lesions.2+-?! If 
true, then drugs that relax vascular smooth muscle (e.g. 
nifedipine) may reduce pulmonary vascular resistance 
in afflicted patients. This study assesses the effect of 
nifedipine on pulmonary and systemic hemodynamics 
in patients with pulmonary hypertension associated 
with diffuse systemic sclerosis, the CREST syndrome 
and mixed connective tissue disease. 


P ulmonary hypertension is commonly present in 


METHODS 

Patient selection: Patients with pulmonary hyper- 
tension documented by right-sided cardiac catheteriza- 
tion who had clinical + serologic evidence of diffuse 
systemic sclerosis, the CREST syndrome or mixed con- 
nective tissue disease were considered eligible for the 
study. Diffuse systemic sclerosis and the CREST syn- 
drome were diagnosed in accordance with American 
Rheumatism Association criteria.?? Mixed connective 
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TABLE | Patiee Characteristics 


Ege (yr) 
E 3ex 


Connective Tissue 


Pt. No. Disease 


CREST syndrome 
CREST syndrome 
Mixed connective tissue disease 
Mixed connective tissue disease 


Diffuse systemic sclerosis 
CREST syndrome 

CREST syndrome 

Mixed connective tissue disease 
CREST syndrome 

CREST syndrome 


Anticentromere antibodies present 
Anticentromere antibodies present 
Antibodies to ribonucleoprotein present 
Antibodies to ribonucleoprotein present 
Seronegative 

Seronegative 

Seronegative 

Antibodies to ribonucleoprotein present 
Anticentromere antibodies present 
Seronegative 


Cardiopulmonary 
Symptom(s) 


Reynaud’s 


Serologic Status Phenomenom 


Dyspnea 
Dyspnea 
Dyspnea, lassitude 
Dyspnea 
Dyspnea 
Dyspnea, lassitude 
Dyspnea 
Dyspnea 
Dyspnea 
Dyspnea 


heb bh bt tt + 4 


CREST = Calmes us, Reynaud’s phenomenon, escphageal dysmotility, sclerodactyly, telangiectasia. 


tissue disease as diagnosed in accordance with the cri- 
teria of Porter zt al.” Pulmonary hypertension was de- 
fined as eleve*xd pulmonary vascular resistance (>1.6 
U). Before ccnsideration for entry into the study, a 
medical histcr~, complete physical examination, elec- 
trocardiograpt~ at rest, chest x-ray, echocardiography 
(M-mode, 2-c-mensional, Doppler), pulmonary func- 
tion tests (arterial blood gases, spirometry, lung vol- 
umes, diffusir s capacity) and right-sided cardiac cathe- 
terization were performed in each patient. Patients with 
evidence of psfmonary fibrosis on chest x-ray, obstruc- 
tive lung disease, left ventricular failure, any form of 
organic heart =isease unrelated to the connective tissue 
disease, and em acute illness, and patients receiving 
drugs that mizht influence pulmonary or systemic he- 
modynamics “sere excluded from the study. Patients 
entering the st.dy who were receiving immunosuppres- 
sive therapy c<ntinued to receive such therapy for the 
duration of th= study. 

Protocol: Fight-sided cardiac catheterization was 
performed in te cardiac catheterization laboratory us- 
ing an end-hzs, balloon-tipped, flow-directed, pulmo- 
nary artery c=theter. After placement of the catheter, 
patients were. ansferred to the coronary care unit for 
follow-up hertdynamic studies, 

After an &hour period of equilibration, baseline he- 
modynamic measurements were obtained. Mean blood 
pressure (cuf: was calculated by adding one-third of 
the pulse pressare to the diastolic blood pressure. Car- 
diac output ag measured using the thermodilution 
method. Mear pulmonary artery, mean pulmonary 
capillary wedee and mean right atrial pressures were 
directly mea ze Systemic and pulmonary vascular 
resistance vala=s were calculated using standard formu- 
las. The maximum variation in pulmonary vascular re- 
sistance during the equilibration period was 6%. 

After baseline hemodynamic measurements, 10 mg 
of nifedipine as administered orally at 90-minute in- 
tervals up to a iotal dose of 30 mg, or lower, if pulmo- 
nary vascular resistance normalized. Pulmonary and 
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systemic hemodynamic data were recorded at 30-min- 
ute intervals for 3 hours, then hourly for 9 additional 
hours (acute study). The pulmonary artery catheter 
was then removed. Patients were treated chronically (at 
8-hour intervals) with the lowest dose of oral nifedipine 
that provided the maximum reduction in pulmonary 
vascular resistance. 

Three to 6 months (mean 4.5) after the initial right- 
sided cardiac catheterization, patients underwent a re- 
peat catheterization (long-term study). Drug regimens 
were identical to those in place at the time of baseline 
hemodynamic measurements except for the addition of 
oral nifedipine. Repeat right-sided cardiac catheteriza- 
tions were performed 3 to 4 hours after the administra- 
tion of the patient’s usual dose of oral nifedipine. 

Statistical methods: The Wilcoxon rank sum test 
was used. to analyze paired comparisons. A Bonferroni 
correction was applied because there were 2 paired 
comparisons for each variable. Thus, a p value <0.025 
was required to achieve a significance level of >95%. 


RESULTS 

Patient characteristics: Twenty-four patients were 
initially considered for entry into the study. Four were 
excluded on the basis of data derived from the medi- 
cal history, physical examination, electrocardiogram at 
rest, chest x-ray, echocardiogram or pulmonary func- 
tion tests. Eighteen patients underwent right-sided car- 
diac catheterization. Of these, 10 had elevated pulmo- 
nary vascular resistance and entered the study. Individ- 
ual data concerning age, sex, type of connective tissue 
disease, serologic status, cardiopulmonary symptoms 
and the presence or absence of Raynaud’s phenomenon 
are listed in Table I. Of the 10 patients participating 
in the acute study, 6 volunteered to participate in 
the long-term study. Three patients declined repeat 
right-sided catheterization and 1 died of pneumonia 3 
months after the initial cardiac catheterization. 

Effects on pulmonary and systemic hemodynamics 
— acute study: Table II lists the individual and mean 
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TABLE ff Acute and Long-Term Hemodynamic Responses to Oral Nifedipine Therapy: Individual and Mean Data 


Mean Blood 
Pressure (mm Hg) 


Systemic Vascular 
Resistance (units) 


Long-Term 


fest 
OH VO OD rd A OP OMe 


18.8 
+2,5 


= 
D 
© 
5 


Long-Term 


Mean Pulmonary 
Artery Pressure (mm Hg) 


Cardiac Output 
(liters/min) 


Long-Term Long Term 


16.4* 
+1.8 


+0.4 


*p <0.01; tp <0.001; fp <0.00005; §p <0.025 compared with analagous hemodynamic variable before nifedipine ` . . 
Acute nifedipine dose = cumulative dose used in acute study; Post = hemodynamic variable after nifedipine administration in acute and long-term studies; Pre = hemodynamic 


variable before nifedipine administration; SD = standard deviation. 


TABLE HI (continued) 


Mean Pulmonary 
Capillary Wedge 
Pressure (mm Hg) 


Long-Term 


CH OO won anh WN rä 


ps 


hemodynamic data before and after oral nifedipine ad- 
ministration and the cumulative nifedipine dosages. 
Eight of the 10 patients studied experienced a subjec- 
tive improvement in dyspnea after nifedipine adminis- 
tration. The percent decrease in pulmonary vascular re- 
sistance produced by nifedipine was greater than the 
percent decrease in systemic vascular resistance (Fig- 
ure 1A). 

Effects on pulmonary and systemic hemodynamics 
— long-term study: Table II shows the individual and 
mean data before nifedipine administration and 3 to 6 
months after the initiation of nifedipine. All 6 patients 
studied experienced a long-term subjective improve- 
ment in dyspnea on nifedipine. The percent decrease in 
pulmonary vascular resistance was greater than that in 
systemic vascular resistance (Figure 1B). 


Pulmonary Vascular 
Resistance (units) 


Long-Term 


Mean Right Atrial 
Pressure (mm Hg) 
Output (liters/min) 


Acute Long-Term 


Nifedipine Dosage (mg) 


Long-Term 


10 q 8 hrs 
30q 8 hrs 
20 q 8 hrs 
30 q 8hrs 
10q 8hrs 
30 q 8hrs 


On OO DM bh OO Ch GA bw UDA 


i+ 
= 





DISCUSSION 

Speculation exists that pulmonary vasoconstriction 
may contribute to the development of pulmonary hy- 
pertension in patients with diffuse systemic sclerosis and 
the CREST syndrome. Morgan et ai reported a sig- 
nificant decrease in pulmonary vascular resistance in 7 
patients with systemic sclerosis, but not in 8 patients 
with primary pulmonary hypertension.*4 Case reports 
have documented acute elevation of pulmonary vascu- 
lar resistance associated with episodes of Raynaud’s 
phenomenon.?>-6 In contrast, Shuck et al?” cbserved no 
significant change in pulmonary vascular resistance 
during episodes of Raynaud’s phenomenon in 8 patients 
with diffuse systemic sclerosis or the CREST syn- 
drome. Thus, pulmonary vasoconstriction appears to 
occur in some but not all patients with these disorders, 
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FIGURE 1. A., comparative percent 
changes in pulmonary and systemic vascu- 
lar resistance — acute study. The percent 
decrease in pulmonary vascular resistance 
was greater than that in systemic vascular 
resistance after nifedipine therapy. B., 
comparative percent changes in pulmo- 
nary and systemic vascular resistance — 
long-term study. The percent decrease in 
pulmonary vascular resistance was great- 
er than that in systemic vascular resis- 
tance after nifedipine therapy. 


% DECREASE IN SYSTEMIC VASCULAR RESISTANCE 


Whether pulmonary vasoconstriction in such patients 
predisposes tc the development of the proliferative pul- 
monary vasc Er lesions noted in systemic sclerosis re- 
mains uncertem. Information is lacking concerning the 
role of pulmerary vasoconstriction in the development 
of pulmonary ‘rypertension in patients with mixed con- 
nective tissue d-sease. 

The presexe of pulmonary vasoconstriction as a 
contributing factor to the development of pulmo- 
nary hypertersson in diffuse systemic sclerosis and the 
CREST syndrome suggests that drugs that relax vascu- 
lar smooth m-scle such as nifedipine may be useful in 
reducing pulrronary vascular resistance in such persons. 
Glikson et al”? reported a reduction in pulmonary vas- 
cular resistance in a 62-year-old woman with severe 
pulmonary hype2rtension associated with the CREST 
syndrome usir g a single 15 mg oral dose of nifedipine. 
Ocken et al? xeported a decrease in pulmonary vascu- 
lar resistance after oral administration of 20 mg of ni- 
fedipine in a £2-year-old man with severe pulmonary 
hypertension associated with systemic sclerosis (type 
unspecified). Let recently, Sfikakis et al?° reported a 
significant acute decrease in mean pulmonary vascular 
resistance in ` patients with systemic sclerosis (type 
unspecified) an= borderline pulmonary hypertension af- 
ter oral admim stration of 10 mg of nifedipine. How- 
ever, Fudman znd Kelling Jr.3! reported the develop- 
ment of toleraxce to nifedipine within 12 hours after an 
initial decrease: in pulmonary vascular resistance in a 
64-year-old woman with systemic sclerosis and severe 
pulmonary hyzertension. There are no reports on the 
efficacy of nifec:pine in patients with pulmonary hyper- 
tension associat=d with mixed connective tissue disease. 

The results e this study indicate that oral nifedipine 
is capable of p-aclucing an acute and sustained decrease 
in pulmonary «ascular resistance in certain patients 
with pulmonaz¥ hypertension associated with diffuse 
systemic sclerosis, the CREST syndrome and mixed 
connective tisae disease. The high frequency of re- 
sponse to nifecapine noted in this study is probably at- 





tributable to the fact that 6 of the 10 patients studied 
had mild to moderate pulmonary hypertension. We 
postulate that the pulmonary vasoconstrictive response 
in such patients is preserved to a greater extent than in 
those with severe pulmonary hypertension. Neverthe- 
less, 3 of the 4 patients with severe pulmonary hyper- 
tension experienced a decrease in pulmonary vascular 
resistance (up to 40%) after nifedipine therapy. Thus, a 
trial of nifedipine therapy should not be excluded mere- 
ly because pulmonary hypertension is advanced. Pul- 
monary vascular resistance decreased in response to ni- 
fedipine therapy to a greater extent than systemic vas- 
cular resistance. Whether this implies a higher degree 
of vasoreactivity in the pulmonary arterial bed is uncer- 
tain. The clinical significance of our findings is uncer- 
tain. The effect of nifedipine on quantifiable exercise 
tolerance, survival and gas exchange was not assessed. 
Whether reduction of pulmonary vascular resistance 
early in the course of diffuse systemic sclerosis, the 
CREST syndrome or mixed connective tissue disease 
prevents development of the characteristic pulmonary 
vascular abnormalities or retards the eventual progres- 
sion of pulmonary hypertension is unknown. 
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Echocardiographic Assessment of Left 
Ventricular Function and Wall Motion at 
High Altitude in Normal Subjects 


Kazim Hirata, MD, Toshihiko Ban, MD, Yousuke Jinnouchi, MD, and Shigeru Kubo 


To understa~-d the effects of high-altitude hypox- 
ia on cardiac function and the change in cardiac 
function during high-altitude acclimatization, 
precise stud 2s were first performed at >5,000 
m of altitude in Himalaya by 2-dimensional echo- 
cardiograph;. In addition to examining well- 
known inde+es of cardiac function, the centerline 
method was used to assess regional wall motion, 
which has ret been examined under conditions 
of high-altitude hypoxia. The subjects were 11 
climbing members (aged 21 to 43 years) of the 
Kyoto Univesity Medical Research Expedition 
of Xixabangma (8,027 m) in 1990. Examina- 
tions were performed at sea level, at the base 
camp (5,029 m), and twice at the advanced base 
camp (5,659 m). Heart rate, left ventricular (LV) 
end-diastolic volume, cardiac output, mean rate 
of circumferential fiber shortening, ejection frac- 
tion, % fractional shortening, and regional LV 
wall motion were measured. 

At high alitude, heart rate increased to 
136% of the sea level value, but gradually de- 
creased in the degree of increment at the early 
and late advanced base camp measurements. LV 
end-diastolic solume decreased significantly by 
70%. At base camp there were significant in- 
creases in ejection fraction, mean rate of circum- 
ferential fibe- shortening, and % fractional 
shortening, hich showed little change during 
the long-term stay at high altitude. Regional wall 
motion at hiza altitude (measured by the center- 
line method) decreased at the septal wall and in- 
creased at the posterolateral wall. These results 
demonstrate Batz (1) LV cardiac performance at 
high altitude enhanced significantly in spite of 
reduced preload. After good acclimatization, car- 
diac performance remains augmented, but there 
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is a tendency to decrease the degree of augmen- 
tation. (2) in regional LV wall motion, septal wail 
motion is impaired, but LV posterolateral wall 
motion shows a compensatory increase. 

(Am J Cardiol 1991;68:1692-—1697) 


function have been extensively researched.!~? Al- 

though cardiac function was reported to deterio- 
rate under hypoxic conditions, recent reports claim that 
hypoxia preserves or slightly enhances left ventricular 
(LV) cardiac contractility.”-? However, it is well known 
that hypoxia induces pulmonary hypertension and right 
ventricular pressure overload.!0-!4 Right ventricular 
pressure overload hampers LV regional wall motion, es- 
pecially at the septum.!2!3 However, LV performance 
at extremely high altitude or in long-term exposure to 
hypoxia has not been studied. Regional LV wall motion 
under such conditions is also unknown. 

High-altitude cardiac performance has been studied 
by echocardiography’ *; however, previous studies were 
performed in a hypobaric chamber and at <5000 m in 
the field. To clarify whether cardiac function can be 
preserved at higher altitude and during long-term stay 
is crucial for hypoxia physiology. For that reason, we 
studied by 2-dimensional echocardiography 11 healthy, 
climbing members of the Kyoto University Medical 
Research Expedition to Xixabangma (8,027 m) in 
1990 (KUMREX ’90) during their entire climbing pe- 
riod of 50 days at the base camp (5,020 m) and the 
advanced base camp (5,650 m). 


Te effects of altitude and hypoxia on cardiac 


METHODS 

Subjects: The subjects in this study were the 11 
Japanese, climbing members of KUMREX ’90. All 
were healthy men (mean age 34 + 7 years, range 21 to 
43). 

All subjects were examined at Kyoto, Japan, for the 
sea level standard before departure. They had not been 
at high altitude (>4,000 m) for the previous 6 months 
and had not acchmated to high altitude. They travelled 
to Lhasa, China (3,650 m), via Beijing by plane. They 
travelled from Lhasa to the Xixabangma base camp 
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(5,020 m) by car over 8 days. The first echocardio- 
graphic examination was performed within 3 days of 
their arrival at the base camp. The second examination 
(early period) was performed 20 days later at the ad- 
vanced base camp (5,650 m) when 7 subjects had been 
at 7,430 m, 2 at 6,920 m and 2 at 6,340 m. The third 
set of echocardiograms (late period) was obtained 14 
days after the second examination at the advanced base 
camp (5,650 m) when 9 subjects had reached the sum- 
mit (8,027 m) and 2 had been at >7,000 m (Figure 1). 

Study protocol: Two-dimensional echocardiograms 
were recorded using a Fukuda Denshi model U-2000 
ultrasound system. A 3 MHz mechanical sector probe 
was used for visualization of 2-dimensional echocardi- 
ography. All studies were recorded on 8 mm videotape. 
Echocardiographic measurements were obtained at rest 
in the supine 45°, left, semilateral position with electro- 
cardiographic attachments to obtain a simultaneous 
standard l-lead tracing. Parasternal and apical long- 
and short-axis views were obtained. M-mode echocardi- 
ography was also performed. LV ejection time was 
measured as the time between onset of the reduction of 
the distance separating the LV endocardial surfaces 
and onset of mitral valve opening, using M-mode echo- 
cardiography. 

LV dimensions were recorded by passing the ultra- 
sonic beam through the left ventricle immediately distal 
to the mitral leaflet and measured using the criteria 
recommended by the American Society of Echocardi- 
ography. 17 

Two-dimensional echocardiographic cardiac images 
were entered into a microcomputer system using an X- 
Y digitizer and stored in loop format. Analysis of vol- 
umes was performed by Simpson’s volume equation. 
Heart rate, end-diastolic volume, cardiac output, mean 
rate of circumferential fiber shortening, ejection frac- 
tion, % fractional shortening and regional left ventricu- 
lar wall motion were examined. 


FIGURE 1. Altitude/date profile of expedi- 
tion showing timing of examination 
{Exam.). 








Mean rate of circumferential fiber shortening 
(mVcf) was calculated as: mVcf = (LVEDD — 
LVESD)/(LVEDD X LVET)\(circ/s), where LVEDD 
was LV minor-axis dimension at end-diastole, LVESD 
was LV minor-axis dimension at end-systole and 
LVET was LV ejection time. Percent fractional short- 
ening (%FS) was calculated as: WFS = (LVEDD — 
LVESD|/LVEDD) X 100. 

Regional LV wall motion was measured by the cen- 
terline method that has been established as a reliable 
method to assess LV regional wall motion from con- 
trast LV angiography.'®!” We applied the centerline 
method to the 2-dimensional echocardiographic short- 
axis contour at the high mitral papillary muscle level. 

A centerline was constructed by the computer mid- 
way between the end-diastolic and end-systolic contour 
images that were stored in the microcomputer. One 
hundred equidistant chords were drawn perpendicular 
to the centerline extending from the end-diastolic to the 
end-systolic contour. Chord numbering began at the 
front-end junction of the left and right ventricles, and 
proceeded clockwise. The length of each chord was the 
motion of the corresponding point on the LV contour. 
To adjust for differences in heart size, the shortening 
fraction (SF) of each chord was calculated as: SF = 
({chord length]/[end-diastolic perimeter]) X 100. (Fig- 
ures 2 and 3.) 

Statistical analysis: All values are expressed as 
mean + standard deviation. Statistical analysis was 
performed using Student’s paired ¢ test (p <0.05 was 
considered significant). 


RESULTS 

Table I lists the cardiac parameters obtained from 
the subjects at sea level and during high-altitude expo- 
sure. 

Heart rate: On ascent to high altitude, heart rate 
increased significantly compared with that at sea level. 


Summit 
(8027m) 


Advanced Base Camp 


Base Camp 
Ist Exam. 


l 


late period 
3rd Exam. 


Advanced Base Camp 
early period 
2nd Exam. 


5-24 Month-Day 
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However, ccanpared with heart rate at base camp there 
were significant decreases in heart rates at both early 
and late adveaced base camp. There was no significant 
difference in -eart rate between those at early and late 
advanced bæ= camp (Figure 4). 





Left ventricular end-diastolic volume: LV end-dia- 
stolic volume significantly decreased at high altitude 
compared with that at sea level. Although there was no 
significant difference in LV end-diastolic volume be- 
tween the base camp and late advanced base camp, LV 


TABLE I HearRate, Left Ventricular End-Diastolic Volume and Indexes of Left Ventricular Systolic Performance at Sea Level, Base 
Camp (5,02 al and Advanced Base Camp (5,650 m) in the Early and Late Periods 


Sea Level 


Heart rate shsats/min) 
Left ventric.es r end-diastolic volume (ml) 


Cardiac outst (liters/min) 

Ejection frazon (%) 

Mean rate circumferential fiber shortening (circ/min) 
% Fractione E=hortening 


Sp <0,05 vs sez zel; Tp <0.05 vs BC; tp <0.05 vs ABC early. 
All values are mez" + standard deviation. 


ABC Early ABC Late 


82 + 10*T 
88 + 13*t 
5,2 + 0.8 
72 + 6* 
1.5 + 0.3* 
41 + 5* 


81 + 15*t 
76 + 17*t 
44+ 1,2 
74 + Di 
1.3 + 0.3* 
42 + 5* 


90 + 12* 
79 + 16* 
5.3 1.0 
76 + 10* 
1.6 + 0.4* 
45 + 9* 


ABC Early = advaarced base camp (5,650 m) in early period; ABC Late = advanced base camp (5,650 m) in late period; BC = base camp {5,020 m). 


49 





FIGURE 2. Centerline method of regional 
wall motion analysis. Parasternal short- 
axis views were obtained at high mitral 
papillary muscle level. LV = left ventricle; 
RV = right ventricie. 


Mitral Papillary Muscle 


Center line 
between systolic and diastolic LV contours 


Systolic endocardial contour 


Diastolic endocardial contour 





FIGURE 3. End-diastolic and end-systolic 
left ventricular (LV) endocardial contours. 
Centerline was constructed by computer 
midway between 2 contours. Motion was 
measured along 100 chords constructed 
perpendicular to centerline. Chord num- 
bering began at front-end junction of left 
and right ventricles, and proceeded clock- 
wise. 
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end-diastolic volume at the early advanced base camp 
was larger than the other 2 values (Figure 4). 

Cardiac output: Cardiac output at high altitude 
tended to increase in the early stage and decrease in the 
late stage, although the change was not significant 
(Figure 4). 

Ejection fraction: Left ventricular ejection fraction 
at high altitude increased significantly compared with 
that at sea level. There was no significant difference in 
the values at high altitude (Figure 5). 

Mean rate of circumferential fiber shortening: 
Mean rate of circumferential fiber shortening at high 
altitude increased significantly compared with that at 


Heart Rate 


100 > Beats//min. 


Left Ventricular 
End-diastolic volume 


Cardiac Output 


Sea level Base Camp Advanced BC Advanced BC 
(5020m) (5650m) (5650m) 


early period late period 





FIGURE 4. Heart rate, left ventricular end-diastolic volume 
and cardiac output at sea level and high altitude. All values 


S are mean + standard deviation. * p <0.05 vs sea level; f p 


<0.05 vs BC; * p <0.05 vs advanced ABC early. BC = base 
camp. 





sea level. Although there was no statistical difference at 
high altitude there was a tendency to decrease gradual- 
ly (Figure 5). 

Percent fractional shortening: Percent fractional 
shortening exhibited the same change as that of LV 
ejection fraction at high altitude (Figure 5). 

Regional left ventricular wall motion: Regional wall 
motion at high altitude (measured by the centerline 
method) decreased at the septal wall and increased at 
the posterior wall compared with that at sea-level. In 
detail, there were significant decreases in segments 84 
to 88 of the base camp, 83 to 91 of the early advanced 
base camp, and 75 to 100 of the late advanced base 
camp. There were significant increases in segments 32 
to 46 of the base camp, 33 to 40 of the early advanced 


Ejection Fraction 


Mean Rate of Circumferential 
Fiber Shortening 


cire / sec 


Fractional Shortening 


Sea level Base Camp Advanced BC Advanced BC 
(5020m) (5650m) (5650m) 


early period late period 





FIGURE 5. Ejection fraction of left ventricle, mean rate of cir- 
cumferential fiber shortening, and % fractional shortening at 
sea level and high altitude. All values are mean + standard de- 
viation. * p <0.05 vs sea level. BC = base camp. 
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base camp, ard 35 to 39 of the late advanced base 
camp (Figure 5). 


DISCUSSION 

There are 2 considerations in understanding cardiac 
function under hypoxic conditions at high altitude. One 
is the direct effect of hypoxia on cardiac function. The 
other is the secondary effect of pulmonary hypertension 
due to hypox.c pulmonary vasoconstriction. 

Although some investigators strongly propounded 
the developme=t of LV dysfunction at high altitude,}~6 
it has become Sear that cardiac function, especially LV 
function, is m<intained or slightly amplified as a direct 
effect of hypcz:a.’-? Indeed, using M-mode echocardi- 
ography, Fowl2s and Hultgren’ reported an augmenta- 
tion of LV fusction under hypoxic conditions. Hypoxic 
cardiac functicn at simulated high altitude in a hypo- 
baric chamber was reported recently in a well-con- 
trolled experizent called Operation Everest [1.9.18 
Using both cardiac catheterization and 2-dimensional 
echocardiograrhy, these studies made it clear that car- 
diac function was not hampered under such experimen- 
tal conditions=? However, few studies have examined 
hypoxic cardia= function at high altitude in the field. 
Furthermore, kere are no long-term studies on hypoxic 
cardiac functiar. at >5,000 m in the field. We had an 
opportunity tc study cardiac performance and LV re- 
gional wall mction at high altitude (5,020 and 5,650 
m) for >50 des. 

In the earb stage of our studies, the heart rate at 
high altitude zucreased significantly. LV ejection frac- 
tion, mean rate of circumferential fiber shortening and 
% fractional szortening, which are indexes of LV per- 
formance, wes significantly greater than those at sea 
level. Cardiac. cutput on early exposure to high alti- 
tude had a ten=ency to increase, but not significantly. 
LV end-diastclc volume decreased significantly under 
high-altitude cznditions. Many investigators reported 
dehydration d eng high-altitude exposure due to the 
significant loss of total body water and plasma vol- 


71 81 


— Sea Level 


~~ BaseCamp 


— early ABC 


— late ABC 





ume.!?0 These findings indicate that LV contractility 
increases at high altitude despite diminished LV end- 
diastolic volume and preload. Thus, our results are in 
agreement with reports by other investigators.?-!° The 
increases in heart rate and cardiac contractility under 
hypoxic conditions may be the result of sympathetic 
stimulation, chiefly through the effect of hypoxia on the 
carotid bodies.?*~2> 

After being at high altitude, long-term cardiac con- 
tractility (especially mean rate of circumferential fiber 
shortening) decreased gradually, although the change 
was not significant. The other cardiac contractility in- 
dexes (ejection fraction and % fractional shortening) in 
the early and late advanced base camp were slightly 
lower than those at base camp. Long-term exposure to 
high altitude also had a negative effect on cardiac out- 
put that was parallel to that of mean rate of circumfer- 
ential fiber shortening. The negative effects of high-alti- 
tude exposure on these parameters of cardiac perfor- 
mance may be related to diminished sympathetic tone24 
and down-regulation of sympathetic activity.2° Heart 
rate at base camp was the greatest of the 3 high-alti- 
tude values, anc there was no difference between the 
values at early and late advanced base camp. In gener- 
al, heart rate decreased gradually in well-acclimatized 
subjects at high altitude.!8 At late advanced base camp, 
the decrease in heart rate stopped, possibly due to hy- 
povolemia, as demonstrated by the decrease in LV end- 
diastolic volume. 

The other significant cardiovascular change at high 
altitude is the development of pulmonary hyperten- 
sion due to an increase in pulmonary vascular resis- 
tance.!614 Pulmonary hypertension induces right ven- 
tricular pressure overload and greatly affects ventricu- 
lar septal wall motion.'2-!3 In this study, LV regional 
wall motion, especially septal wall motion, was exam- 
ined by 2-dimensional echocardiography. Analysis of 
regional wall motion was performed with the centerline 
method that has been verified by LV angiography as an 
accurate method to assess LV regional wall motion. 16-17 


FIGURE 6. Regional left ventricular wall 
motion with shortening fraction (SF) at sea 
level and high altitude by centerline meth- 
od. ABC = advanced base camp. 
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Furthermore, this method has been validated by 2-di- 
mensional echocardiography in normal subjects and 
coronary heart patients.?’8 

Septal wall motion at high altitude was impaired 
throughout the entire high-altitude period. However, 
there was a compensatory increase in LV posterolateral 
wall motion. The impairment of septal wall motion per- 
sisted even after long-term stay at high altitude, al- 
though the augmentation of posterolateral wall motion 
had a tendency to decrease as the subjects became ac- 
climatized. The persistence of impaired septal wall 
motion suggests that the right ventricular pressure 
overload due to pulmonary hypertension remains un- 
changed after acclimatization. Sime et al! reported 
that total pulmonary resistance remained elevated in 
acclimatized lowlanders. Furthermore, some reports re- 
vealed that the increased pulmonary vascular resistance 
in long-term residents at high altitude was secondary to 
pulmonary arteriolar hypertrophy and that temporary 
oxygen administration did not relieve pulmonary hyper- 
tension.!8:2930 The continuation of right ventricular 
pressure overload after acclimatization, as shown by 
our data, is in agreement with those previous re- 
ports. !0:!829.30 The decreasing tendency to augment 
posterolateral wall motion could be related to the down- 
regulation of sympathetic activity% and to the decreas- 
ing tendency to augment cardiac contractility over time 
at high altitude. 
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Coronary Adrenergic Hyperreactivity in 
Patients with Syndrome X and Abnormal 
Electrocardiogram at Rest 


Piero TAontorsi, MD, Franco Fabbiocchi, MD, Alessandro Loaldi, MD, Luca Annoni, MD, 
Alvise Polese, MD, Nicoletta De Cesare, MD, and Maurizio D. Guazzi, MD 





Syndrome X is characterized by an abnormal va- 
somotility af coronary microvessels. It is un- 
known whether the presence of an ischemic-like 
pattern in the electrocardiogram at rest (T-wave 
inversion) reflects a more severe vasomotion dis- 
turbance. Changes in coronary sinus flow (ther- 
modilution) and epicardial vessel diameter (quan- 
titative angiegraphy) during adrenergic activa- 
tion were measured with a standard cold pressor 
test in patients with syndrome X whose electro- 
cardiogram at rest was normal (group 1: 17 pa- 
tients) or shewed stable, symmetrically inverted 
T waves (group 2: 22 patients). Cold pressor 
test increas2=d mean blood pressure and rate- 
pressure praduct to a similar extent in both 
groups, increased coronary sinus flow in group 1 
(88 + 29 to 119 + 36 ml/min; p <0.05) and not 
in group 2 (109 + 37 vs 104 + 36 ml/min; 

p = not sign:‘ficant), and decreased coronary re- 
sistance in group 1 (1.38 + 0.42 to 1.19 + 0.38 
mm Hg/mi/min; p <0.05) and augmented it in 
group 2 (1.05 + 0.32 to 1.28 + 0.43 mm 
Hg/mi/min; p <0.02). During cold stimulus, the 
proximal ane middle segments of epicardial 
arteries showed negligible changes in their lu- 
men, whereas the distal segment dilated in group 
1 (1.81 + 0.27 to 2.01 + 0.32 mm; p <0.05) 
and constricted in group 2 (1.82 + 0.12 to 1.62 
+ 0.20 mm; p <0.05). Differences in coronary 
hemodynami: and angiographic responses be- 
tween the groups were statistically significant (p 
<0.05). The adrenergic test was repeated after 
administratian of intravenous propranolol (0.1 
mg/kg) for the following reasons: 8 blockers are 
currently usad in syndrome X; 8 blockade may 
worsen vasoconstriction, leaving a-adrenergic 
activity unopposed; and consequently, cases like 
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these may worsen with 6 blockade. After pro- 
pranolol, cold pressor test maintained the same 
effects on coronary flow and diameter in group 
1, and elicited a weaker vasoconstrictor re- 
sponse in group 2. 

Thus, negative T waves in syndrome X identi- 
fy a subgroup of patients with a vasoconstrictor 
response to adrenergic activation that involves 
the microcirculation as well as the distal part of 
the epicardial branches. In these cases G block- 
ade with propranolol is not detrimental, but ap- 
pears to be even beneficial. 

(Am J Cardiol 1991;68:1698--1703) 


as attenuation of vasodilator capacity of the cor- 

onary circulation have been documented in pa- 
tients with chest pain and angiographically normal cor- 
onary arteries.!. A sizable proportion of these patients 
has “non-specific” abnormalities of the repolarization 
phase of the electrocardiogram at rest 73 In a few 
cases, ST-T ischemic-like patterns have been report- 
ed.36-10 However, the clinical significance of this fea- 
ture has not been elucidated. In the present study we 
tested whether this electrocardiographic pattern at rest 
is associated with a peculiar functional coronary disor- 
der. To address this topic we elicited a sympathetic re- 
action using a standard cold pressor test and analyzed 
the coronary vasomotor response in patients with syn- 
drome X and negative T waves in the anterior leads 
compared with that in patients with syndrome X and 
normal electrocardiogram. Cold pressor test was re- 
peated after administration of propranolol for the fol- 
lowing reasons: 6 blockers are currently used in syn- 
drome X; 8 blockade may worsen vasoconstriction, 
leaving a-adrenergic activity unopposed; and conse- 
quently, cases like these may worsen with 8 blockade. 


E nhancement of vasoconstrictor reactivity as well 


METHODS 

Patients: We investigated 39 patients (34 women 
and 5 men, mean age 54 + 7 years) with effort-in- 
duced chest pain, positive and reproducible exercise 
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stress tests (>1 mm ST depression at 80 ms after the J 
point), and normal coronary arteriograms and left ven- 
triculography, and without left ventricular hypertrophy 
(echo criteria). 

Twenty-four of 39 (62%) patients had episodes of 
>1.5 mm ST depression during 24 hour Holter moni- 
toring, and 15 (39%) had reversible perfusion defects 
by thallium-201 stress scintigraphy. No patients 
presented with typical angina at rest, hypertension 
(>140/90 mm Hg), diabetes, or valvular and primary 
myocardial diseases. Previous treatments were with- 
drawn >1 week before patients entered the study; sub- 
lingual nitrates were the only drug allowed. 

Subjects were divided in 2 groups as having nor- 
mal electrocardiogram at rest (group 1: 17 cases) or 
symmetrically inverted T waves at rest >5 mm deep in 
>1 lead with normal baseline ST segment detected 
in 3 consecutive recordings 1 week apart (group 2: 
22 cases). Patients with “non-specific” ST-T changes 
(low-voltage, flat or diphasic T waves), electrocardio- 
graphic abnormalities occurring during activation of the 
adrenergic nervous system,!! or secondary to paroxys- 
mal arrhythmias or conduction disturbances!* were ex- 
cluded. No significant differences were detected be- 
tween the groups in regard to age, sex, coronary risk 
factors, and type and magnitude of noninvasive test re- 
sponse. 

Study design: The study was approved by the local 
ethical committee and written informed consent was 
obtained from all patients. 

Diagnostic coronary angiography was performed 
with the Judkins technique in multiple projections, 
using Siemens-Elema equipment with Cam. Stan- 
dard hemodynamic measurements were obtained with 
a Swan-Ganz thermodilution balloon tipped catheter. 
Blood pressure was recorded with a Pig-Tail catheter 
(ascending aorta). An 8Fr multithermistor thermodilu- 
tion pacing catheter (Webster Laboratories) was intro- 
duced through the right internal jugular vein and posi- 
tioned into the coronary sinus. Catheter stability was 
frequently checked by fluoroscopy and by iced saline 
solution injections into the right atrium to exclude 
blood reflux in the coronary sinus.!? 

After diagnostic coronary angiography, baseline sys- 
temic and coronary hemodynamics were recorded. Pa- 
tients initially underwent a standard cold pressor test 
for 90 seconds.!4 Soon after reversion of the hemody- 
namic parameters to baseline, propranolol (0.1 mg/kg) 
was intravenously infused over 15 minutes, and when 
the expected hemodynamic effects of the drug had oc- 
curred (reductions in heart rate and cardiac output), a 


~ second cold pressor test was performed. Systemic and 


coronary hemodynamics, as well as left coronary angio- 
grams (2 views, 90° apart), were consecutively record- 


ed at the peak of the 2 cold pressor tests, and after 
infusion of propranolol. 

Data analysis: Coronary sinus flow was measured 
according to a previously described method,!° and coro- 
nary resistance was calculated from the ratio of mean 
aortic pressure and coronary blood flow. Quantitative 
angiographic measurements were automated by a vali- 
dated method of digital processing. Briefly, digital 
images were obtained by viewing each single-frame 
cineangiographic image with a television camera (RCA 
1005 VIDICON) that served as an input to a digital 
angiographic system (ADAC 4100 C). The computer- 
ized analysis of the coronary artery diameter was ob- 
tained by means of an interactive computer program 
with previous magnification of the area of interest and 
with placement by the observer of a cursor point across 
the normal vessel diameter. Measurements were ob- 
tained in all patients at the proximal, middle and distal 
thirds of the anterior descending and circumflex arter- 
ies, according to the grading criteria for coronary arter- 
ies proposed by the American Heart Association.!? An- 
giograms were evaluated by 2 independent observers 
who were unaware of the study phase they were view- 
ing. The masking of the study condition was monitored, 
and the work of the observers was coordinated by an 
assistant. Analysis of intra- and interobserver variability 
for the measurement of the coronary artery diameter 
showed high reproducibility (r = 0.97, standard error 
of the estimate 3.7% [p <0.001], and r = 0.98, stan- 
dard error of the estimate 3.5% [p <0.01], respectively). 

Statistical analysis: Statistical analysis of the data 
was performed by means of analysis of variance. Data 
are grouped as mean + standard deviation. 


RESULTS 

An example of an electrocardiogram at rest in 
group 2 is depicted in Figure 1. No changes in the 
baseline ST-T segment pattern were detected during 
the study. 

Mean hemodynamic and angiographic data for both 
groups are reported in Tables I and II. Individual re- 
sponses of coronary flow, resistance and diameter are 
depicted in Figures 2 through 4. 

Hemodynamic and coronary vasomotor responses 
to cold pressor test before propranolol: Hemodynamic 
and angiographic data at rest were similar in both 
groups. During cold pressor test, mean blood pressure 
and rate-pressure product increased, heart rate and car- 
diac index were unchanged, coronary sinus flow was 
augmented in group 1 (88 + 29 to 118 + 36 ml/min 
[+34%]; p <0.05) and steady in group 2 (109 + 37 to 
104 + 36 ml/min; p = not significant [NS]), and coro- 
nary resistance decreased in group 1 (1.38 + 0.42 to 
1.19 + 0.38 mm Hg/ml/min [—12%]} p <0.05) and 


ABNORMAL ELECTROCARDIOGRAM AT REST IN SYNDROME X 1699 





TABLE I Syst=mic and Coronary Hemodynamic and Angiographic Data at Baseline, During Cold Pressor Test, After Infusion of 
Propranolol, d During Cold Pressor Test After Propranolol in Group 1 


Mean arte-é pressure (mm Hg) 
Heart rate C=ats/min) 
Cardiac index (liters/min/m?)} 
Rate-prese. © product (mm Hg x beats/min) 
Coronary S us flow (mi/min} 
Coronary r=stance (mm Hg/ml/min) 
Proximal lazinal diameter (mm) 
Middle lun ral diameter (mm) 
Distal lum ral diameter (mm) 

*p <0.05; tp <= Ae tp <0.01 B vs CPT. 

Sp <0.05; |p 0 1 BysP. 

Sp < 0.05; tir =0.02; Hp <0.01 Pvs CPT + P. 


He are means = standard deviation. 
= baseline; ~ = cold pressor test; P = proprano ot. 


106 + 16 
80 + 10 
3.7 + 0.6 
12.8 + 2.7 
88 + 29 
1.38 + 0.36 
3.26 + 0.47 
2.57 + 0.40 
1.81 + 0.27 


126 + 18ł 
83 > 11 
3.5 + 0.7 
15.9 + 34t 
118 + 36* 
1.19 + 0.38f 
3.19 + 0.40 
2.54 + 0.37 
2.01 + 0.32* 


110 +15 
66 + 11§ 
3.0 + 0.5§ 
10.9+ 2.1] 
77 £23 
1.66 + 0.57 
3.18 + 0.51 
2.46 + 0.41 
1.80 + 0.25 


128 + 14tt 

7129 

2.8 + 0.7 
13.8 + 2.6tt 
101 + 29 
1.41 + 0.51** 
3.22 + 0.42 
2.52 + 0.41 
1.96 + 0.28 


TABLE li Sys-emic and Coronary Hemodynamic and Angiographic Data at Baseline, During Cold Pressor Test, After Infusion of 


Propranolol, aad During Cold Pressor Test After Propranolol in Group 2 


Mean arte@i pressure (mm Hg) 

Heart rate = zeats/min) 

Cardiac incez (liters/min/m?) 

Rate-press v product (mm Hg x beats/min) 
Coronary sc as flow (ml/min) 

Coronary ra. ztance (mm Hg/ml/min) 
Proximal I cina! diameter (mm) 

Middle lur Cat diameter (mm) 

Distal lumi diameter (mm) 


105 + 16 
77 +11 
3.2 + 0.8 
12.4 + 2.9 
109 + 37 
1.06 + 0,32 
3.27 + 0.35 
2.48 + 0.26 
1.82 + 0,12 


120 + 114 
81213 
3.4 + 0.7 
13.9 + 3.27 
104 + 36 


1.29 + 0.42ł 


3.26 + 0.4] 
2.52 + 0.34 
1.61-2.0.20* 


108 + 12 
64 + 10§ 
2.70.5 
9.9 + 2.5] 
91.5 + 25 
1.29 + 0,42 
3.11 + 0.34 
2.36 + 0.24 
1.70 + 0.12 


122 + 14tt+ 
66 +9 
2.8 + 0.7 

11.8 + 2.3** 
98 + 27 

1.32 + 0.36 

3.12 + 0.31 
2.35 + 0.29 
1.80 + 0.12 


*p <0.05; tp z202; E <0.01 Bvs CPT, 
§p <0. 05; Ah < 2801 RB 

Sp <0.0 a LOOL PS CPT +P. 
Data are means: standard deviation. 
Abbreviations as + Table L 





increased in group 2 (1.06 + 0.32 to 1.29 + 0.42 mm 
Hg/ml/min [+21%]; p <0.02). Group differences in 
changes of flow and resistance were statistically signifi- 
cant (p <0.05). The lumen of proximal and middle 
coronary segments had negligible variations; the diame- 
ter of the distal segment increased in group | (1.81 + 
0.27 to 2.01 + 0.32 mm [+12%]; p <0.05) and de- 
creased in group 2 (1.82 + 0.12 to 1.61 + 0.20 mm 
[—12%]; p <0.05). Group differences in the changes of 
the coronary lumen were statistically significant (p 
<0.02), 

Hemodynamic and coronary vasomotor responses 
to propranolol: Propranolol did not affect mean blood 
pressure, reduced heart rate, cardiac index and rate- 
pressure product. Coronary flow decreased and resis- 
tance increased to a similar extent in the 2 groups, 
whereas arterial epicardial lumen was actually un- 
changed at the proximal, middle and distal sites. 

Hemodynamic and coronary vasomotor responses 
to cold pressor test after propranolol: After 8 block- 


FIGURE 1. Ele=rocardiographic pattern at rest in group 2 pa- ade, the response of the systemic circulation to coh 
tients. pressor test was similar to that before propranolol. Dur- 


wf 


Z.A. 53 years, o 
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FIGURE 2. Individual changes from base- 
line (B) of coronary sinus flow in the 2 
groups during cold pressor test before (B, 
CPT) and after (Boa CPT,,) propranolol. 
ns = not significant. 


FIGURE 3. Individual changes from base- 
line (B) of coronary resistance in the 2 
groups during cold pressor test before (B, 
CPT) and after (Bp, CPT,) propranolol. 
ns = not significant. 
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ing the test, coronary sinus flow increased (77 + 23 to 
101 + 29 na/min [+24%] [p = NS], and 91.5 + 25 
to 98 + 27 ta/min [+7%] [p = NS], in groups 1 and 
2, respective), and coronary resistance decreased in 
group 1 (1.62 + 0.57 to 1.41 + 0.51 mm Hg/ml/min 
[-11%]}; p <).05) and was actually unchanged in 
group 2 (1.29 + 0.42 to 1.32 + 0.36 mm Hg/ml/min; 
p = NS). Diterences between groups in the response of 
flow and res:stance to cold pressor test were no longer 
detectable afie-> 8 blockade. Under the stimulus of cold, 
the distal corcrary diameter increased in group 1 (1.80 
+ 0.25 to 1-36 + 0.28 mm [+9%]; p = NS) and 2 
(1.70 + 0.12 to 1.80 + 0.12 mm [+6%]; p = NS). 
There were nc significant differences between groups in 
the response xf the epicardial coronary branches to cold 
pressor test. 


DISCUSSION 

A modest :ncrease in coronary blood flow and in 
diameter of the large epicardial vessels during cold 
pressor test kas been documented in previous stud- 
ies,!,18-20 Elo changes probably reflect the net result 
of a predomicant metabolic-mediated dilatation secon- 
dary to the ircrease in myocardial oxygen demand, and 
of the effect of coronary vasoconstriction due to con- 
comitant a-receptor activation. The associated relaxa- 
tion of larg= coronary arteries likely results from 
the release of endothelial-dependent vasodilator sub- 
stances.7! 


—— p< 0,05 — 
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In the present study, the cold pressor test elicited 
coronary vasomotor responses that were opposite in the 
2 groups. Changes in flow and resistance indicate that 
the response was appropriate (vasodilatation) in group 
l and inappropriate (vasoconstriction) in group 2. The 
vasomotor behavior of the distal part of the epicardial 
coronary arteries was similar to that of the microcircu- 
lation. This suggests that the same adrenergic hyper- 
reactivity of arterioles involves the distal portion of the 
epicardial circulation. The reasons for the peculiar re- 
sponse of patients in group 2 are not easily understood. 
Changes in coronary perfusion pressure and myocardial 
oxygen demands were similar in both groups. The in- 
fluence of excessive extravascular resistance due to 
myocardial hypertrophy or tachycardia seems unlikely, 
because of the normal left ventricular anatomy and ab- 
sence of significant changes in heart rate during the 
test. Enhanced neurohumoral discharge may be a po- 
tential cause of the constrictor response in group 2. The 
lack of catecholamine plasma determinations during 
cold pressor test is an obvious limitation to this interpre- 
tation. However, evidence exists that a-receptor activa- 
tion by cold pressor test can induce coronary vasocon- 
striction in some patients with ischemic heart dis- 
ease.”2-24 This effect may involve the coronary tree at 
different levels depending on regional differences in a- 
receptor concentration, distribution and sensitivity.2>-2° 
Recent clinical studies have also considered that an 
enhanced sympathetic drive may be involved in the 


GROUP 1 


FIGURE 4. Individual changes from base- 
line (B) of kuminal diameter of distal coro- 
nary segment in the 2 groups during cold 
pressor test before (B, CPT) and after (B,, 
CPT,,) propranolol. ns = not significant. 


GROUP 2 


DECEMBER 15, 1991 


a 


genesis of myocardial ischemia in syndrome X.23,29-32 
Therefore, the hypothesis that an increased sensitivity 
of coronary micro- and macrocirculation to adrenergic 
influences is a potential cause of vasoconstriction in pa- 
tients in group 2 seems reasonable. The link between 
coronary vasomotor behavior and electrocardiographic 
appearance in these patients remains unclear. 

Beta blockers have proven to be effective in syn- 
drome X and are currently used for its treatment.3344 
Because 8 blockade may leave the coronary vasocon- 
strictor influence of a-adrenergic receptors unopposed, 
we considered testing the possibility of a deleterious ef- 
fect of propranolol. Despite these theoretical consider- 
ations, the drug appeared to be able to temper the vaso- 
constrictor reaction in group 2. An interpretation of 
these results may be that of a facilitation by proprano- 
lol of parasympathetic activity promoted by cold pres- 
sor test?> and of vagal-related coronary dilatation.3°-*8 
These effects may oppose the a-adrenergic constrictor 
effect of cold stimulation. Whether propranolol in the 
long-term benefits patients with syndrome X and nega- 
tive T waves remains to be proved. 


Acknowledgment: We thank Prof. Virgilio Mandelli 
for assistance in the statistical analysis of the data. 
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Gender Differences in Left Ventricular Anatomy, 
Blood Viscosity and Volume Regulatory 
Hormones in Normal Adults 


Giovanni d= Simone, MD, Richard B. Devereux, MD, Mary J. Roman, MD, Antonello Ganau, MD, 
shu Chen, MD, PhD, Michael H. Alderman, MD, Steven Atlas, MD, and John H. Laragh, MD 


Gender dif-erences in left ventricular (LV) anato- 
my, whole Hood and plasma viscosity, and blood 
volume regulatory hormones were studied in 110 
normotensive employed adults (28 black and 34 
white men [mean age 51 + 12 years], 20 black 
and 28 white women [mean age 53 + 12 years)). 
LV mass and wall thicknesses were positively re- 
lated to wheie blood viscosity, primarily because 
of higher vahies of both variables in men. LV 
chamber sie was inversely related to hematocrit 
and to bloas viscosity (p <0.002) in women but 
not in men. Whole blood viscosity increased with 
age in men p <0.01), but tended to decrease in 
women; olcer women also had better LV func- 
tion, larger LV chambers, and a trend toward in- 
creasing LY mass. Atrial natriuretic factor in- 
creased witk age in women but not in men 
(r = 0.60, p -<0.001), and plasma renin activity 
decreased ir = —0.35, p <0.02). Thus, in wom- 
en, increase in LV chamber size with age and as- 
sociated changes in LV systolic function, atrial 
natriuretic Ector levels and plasma renin activity 
suggest plasma volume expansion related to the 
aging process. These findings also suggest that 
an increase in LV volume load with age may con- 
tribute to previously reported increases in LV 
mass in older women. 

{Am J Cardiol 1991;68:1704-1708) 
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eft ventricular (LV) anatomy and function dif- 
fer between normotensive men and women.!~> 
Experimental manipulation of sex hormones af- 
fects cardiac size,®’ suggesting direct endocrine regula- 
tion of the myocardium. However, gender differences 
in hemodynamic load may also affect cardiac geometry 
and function.°-8 In addition, whole blood viscosity— 
the rheologic component of peripheral resistance and a 
stimulus to LV hypertrophy?! — is lower in normal 
women than in men,'!-!4 and plasma renin activity and 
its relation to other variables also differ between women 
and men,!> suggesting gender differences in sodium- 
volume homeostasis. 

These and other observations!+!> suggest that gen- 
der-specific factors affect cardiac load, size and per- 
formance. Accordingly, the present study examines 
whether gender differences in LV anatomy and func- 
tion are related to blood viscosity or blood volume regu- 
latory hormones, and whether alterations in these pa- 
rameters with age parallel the reported increase in LV 
mass with age in women.!® 


METHODS 

Subjects: One hundred twenty-one subjects were 
studied, representative of normotensive members of a 
large employed population in New York City that has 
been previously reported on in part.*3:!2 Eligible sub- 
jects had no historical, clinical or laboratory evidence of 
cardiovascular, respiratory, endocrine, hepatic, renal or 
hematologic disorders, abnormal hemoglobin or hemat- 
ocrit value, and were free of medications. Eleven sub- 
jects (9%) were excluded because M-mode echocardio- 
grams did not meet standard criteria for technical qual- 
ity!7: the 110 remaining subjects consisted of 28 black 
men (52 + 9 years old), 20 black women (50 + 10 
years old), 34 white men (51 + 13 years old) and 28 
white women (54 + 12 years old). 

Procedures: After informed consent had been ob- 
tained, blood was collected to determine whole blood 
viscosity, creatinine, plasma renin activity and atrial na- 
triuretic factor on the same morning as echocardio- 
graphic study and completion of 24-hour urine collec- 
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TABLE [ Influence of Gender and Race on Blood Viscosity, Hormonal Profile and Left Ventricular Anatomy 


Men 
(n = 62) 


Whole blood viscosity 

208 s—! (cp) 

104 s71 (ep) 

52 s71 ten 
Hematocrit (%) 
Plasma viscosity (cp) 
Plasma renin activity (ng/ml/hour) 
Atrial natriuretic factor (fmol/ml) 
LV diastolic dimension index (em/m?) 
Posterior wall thickness (cm) 
Interventricular septal thickness (cm) 
LV mass index (g/m2) 
LV mass/lean body mass (g/kg) 


4.73 + 0.58 
4.97 + 0.62 
5.57 + 0.70 
46+3 
1.38 + 0.11 
2.37 « 1.69 
10.88 + 5.18 
2.63 + 0.27 
0.86 + 0.12 
0.94 + 0.13 
83.35 + 20.32 
3.19 + 1.15 





Effect of 
Black Race 


Wormen 


(n = 48) p Value 


<0.00901 

<0.00001 

<0.00001 

<0.00001 -- 

<0.32 ---~ 

< 0.34 ---- 

<0.03 ---- 

<0.06 Decrease (p <0.03) 
< 0.0004 Increase (p <0.03) 
< 0.0002 .--- 

<0.0001 en 

20.13 ---- 


4.11 + 0.46 
4.33 + 0.48 
4.92 + 0.61 
41 +3 
1.40 + 0.10 
2.10 + 1.68 
14.66 + 8.63 
2.73 + 0.27 
0.79 = 0.08 
0.85 + 0.11 
68.91 + 15.87 
2.88 + 0.80 


cp = centipoise; LV = left ventricular. 


tion to measure creatinine excretion. Arterial blood 
pressure was measured by arm cuff and mercury ma- 
nometer with the subject recumbent at the end of echo- 
cardiography, using the first and fifth Korotkoff phases 
as systolic and diastolic pressure, respectively. 

Laboratory measurements: Blood samples were ob- 
tained, without stasis, from the antecubital vein be- 
tween 9 AM. and noon, after an overnight fast. Micro- 
hematocrit, whole blood viscosity at shear rates of 208, 
104, 52, 5.2, 0.5 and 0.1 el and plasma viscosity (re- 
ported as the average of values at 52 and 0.5 s~!) were 
measured as previously reported.!2:!8:!9 Plasma renin 
activity and atrial natriuretic factor were determined by 
radioimmunoassay, as previously described.?%2! Uri- 
nary creatinine was also measured by standard analyti- 
cal techniques. 

Echocardiographic measurements: [wo-dimension- 
ally targeted M-mode echocardiograms were recorded 
as previously described? with the subjects in a partial 
left decubitus position, and recorded on strip-chart pa- 
per at 50 mm/s. All subjects exhibited normal wall mo- 
tion on 2-dimensional echocardiogram. M-mode re- 
cordings, performed with the ultrasound beam at or 
just below the mitral valve tips, were coded and inter- 
preted by 2 investigators unaware of subjects’ clinical 
status and test results. Measurements of interventricu- 
lar septal thickness, posterior wall thickness and LV 
diastolic dimension were obtained using a sound-pen 
digitizer interfaced to a computer, according to the 
American Society of Echocardiography and the Penn 
conventions.*324 Standard methods were used to calcu- 
late LV mass, fractional shortening and end-systolic 
stress.2*+-2”7 End-systolic stress-adjusted LV fractional 
shortening was used as an index of LV performance 
independent of afterload.?+ 


t\. LV mass and end-diastolic dimension were normal- 


ized for body surface area (m*). LV mass was also di- 





vided by lean body mass, estimated from 24-hour uri- 
nary creatinine excretion, by a previously reported re- 
gression equation.”28 

Statistical analysis: Data are expressed as mean + 
1 standard deviation. One- or 2-way analysis of vari- 
ance was used to assess the effect of gender or of gen- 
der and race (by hierarchical procedure). Gender dif- 
ferences were controlled for race by using analysis of 
covariance. Least-squares linear correlation, partial cor- 
relation and multiple linear regression were used to 
study relations among variables. The null hypothesis 
was rejected at p <0.05. 


RESULTS 

General characteristics of the population: Men and 
women had comparable blood pressure (129 + 11/78 
+ 8 and 130 + 13/79 + 9 mm Hg, respectively) and 
body mass index (26 + 3 and 26 + 5 kg/m?, respec- 
tively). Black race was associated with higher values of 
blood pressure (0.005 <p <0.0001). 

Blood viscosity and hormonal profile (Table I: 
Whole blood viscosity was higher in men than in wom- 
en at all shear rates owing to a difference in hematocrit, 
with comparable plasma viscosity. Plasma renin activity 


TABLE H Demographic Characteristics of Age-Grouped Normal 
Adults 


Age 18-54 


Age 55-74 


Men 
(34) 


43 +7 
17/17 7/16 11/17 
26 £4 2544 25 +2 
SBP (mm Hg) 127+12 126+10 134+14 132+11 
DBP (mm Hg) 79210 78+8 78 +7 80 + 8 


BMI = body mass index; DBP = diastolic blood pressure; SBP = systolic Hood 
pressure, 


Women Men 
(23) (28) 


62 +5 


Women 
(25) 


43 +7 
13/12 
28 +6 


Age (years) 63+4 
Race (black/white) 


BMI (kg/m?) 


REGULATION OF LEFT VENTRICULAR ANATOMY 1705 


TABLE WI Age-Related Gender Difference in Whole Blood Viscosity, Hematocrit and Plasma Viscosity 


Age 18—54 


Women 
(25) 


Blood viscaeety 

208 s~- oi 

104 er, Sp) 

52 $7} a 
Hematocrt &%) 
Plasma viscosity (cp) 

Sp <0.01; tp Z20001. 
ip <0. 04; gendewdifference in age-related trend (2-way analysis of variance). 


Analysis controfex for the effect of race {analysis of covariance). 
cp = centipoise: 


4.19 + 0.56 
4,44 + 0.58 
4.99 + 0.62 
41.8 + 3.40 
1.40 + 0.12 


4.58 + 0.45 
4.80 + 0.47 
5.36 + 0.56 
44.8 + 3.02 
1.36 + 0.11 


Age 55-75 


Women 
(23) 


4.03 + 9.32 
4.22 4 9.3 
4,85 +0.61 
41.0 + 2.0 
1.38 + 9.08 


4.91 + 0.68 
5.18 + 0.72 
5.81 + 0.79 
46.4 + 3.51 
1.41 + 0.12 


TABLE IV Age-Related Gender Differences in Left Ventricular Anatomy and F unction 
Age 18-54 


Men 
(34) 


81.1 + 16.8 
2.62 + 0.27 


LV mass ince (g/m?) 

LV diameter Prlex (cm im?) 

Fractional she “tening (%) 34.9 + 6.1 

ESS-adjustect “S (%) 36.0 + 3.0 
Statistical signifi. Ce: *p <0.05; fp <0.01; fp <0.6005. 
Age effect: $p <25; [Ip <0.01. 


fp <0.03 signin gendèr- differences in the effect cf age. 
ESS = end-systcl-cstress; FS = fractional shortening: LV = lef: ventricular. 


was similar = men and women, whereas atrial natri- 
uretic factor was higher in women than in men. 

Gender amd race differences in left ventricular ge- 
ometry (Tabie D: Mean LV mass was 37% higher in 
men than in women, but LV mass/lean body mass did 
not differ sigtaficantly between genders. Black race was 
associated wit smaller LV chamber size and thicker 
LV posterior wall. As a result, relative wall thickness 
was greater & black than in white subjects (0.35 + 
0.05 vs 0.33 + 0.04, p <0.04). 

Correlates of left ventricular anatomy: In the entire 
sample, at esch shear rate from 0.1 to 208 el whole 
blood viscosi:+ was directly related to septal thickness 
(r = 0.20 to 22, all p <0.03), posterior wall thick- 
ness (r = 0.3 to 0.33, all p <0.001) and LV mass in- 
dex (r = 0.19 <0 0.24, 0.01 <p <0.05). However, these 
relations were mostly dependent on gender, and were 
not significart when considered in women and men sep- 
arately. Direct relations were also found between LV 
mass index md both systolic (r = 0.23, p <0.02) and 
diastolic (r = BIO. p <0.05) blood pressure. 

Although LV wall thicknesses were positively relat- 
ed to whole bæod viscosity, LV end-diastolic dimension 
index, the thid anatomic determinant of LV mass in- 
dex, was inversely related to whole blood viscosity at all 
shear rates '- = —0.20 to —0.25, 0.007 <p <0.04), 
mainly becaus2 of the strong relation found in women 
(r = —0.43 tz —0.53, all p <0.002). 
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65.1 + 12.8 
2.66 + 0.22 
35.8 + 2.7 
30.02 3.1 


Age 55—74 


Men 
(28) 


86.0 + 24.0 
2.64 + 0.29 
36, 1:25:13 
35.8 + 3.8 


73.0 + 18.08 
2.81 + 0.30 

39.5 + 6.18| 
38.5 + 3.9 





Effects of aging on gender-related differences: 
Stratification for age was based on the probability of 
menopause in women. Fifty-five years of age was cho- 
sen as a partition value, because very few women older 
than this age have regular periods.2? Demographic 
characteristics of women and men in the 2 age strata 
were similar (Table II). 

Blood viscosity: Age had no effect on whole blood 
viscosity in the entire sample, because of opposite age 
relations in men and women. Whole blood viscosity at 
all shear rates increased with age in men (r = 0.33 to 
0.39, 0.002 <p <0.01), whereas it tended to decrease 
in women (partial r = 0.34 to 0.40 in men and —0.13 
to —0.18 independently of the effect of race). Conse- 
quently, the gender difference in blood viscosity and he- 
matocrit was more marked in older than in younger 
subjects (Table III). No relation existed between age 
and plasma viscosity. 

Left ventricular anatomy and function (Table IV): 
The gender difference in LV mass index was less ap- 
parent in older than in younger subjects, whereas 
LV diameter index became statistically larger in old- 
er women than in men. Furthermore, LV fractional 
shortening and afterload-corrected fractional shortening 
were higher in women >55 years than in men of the 
same age. 

Blood volume regulatory hormones: No relation 
was found between age and plasma renin activity in the 
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entire group, whereas a weak direct relation existed 
with atrial natriuretic factor (n = 66, r = 0.33, stan- 
dard error of the estimate = 7 fmol/ml, p <0.008). 
Figure 1 shows that atrial natriuretic factor was related 
to age in women (r = 0.60 [n = 27]) but not in men; 
controlling for the effect of race did not change this 
relation (partial r = 0.56 in women). Thus, older wom- 
en had higher atrial natriuretic factor levels than older 
men (21 + 9 vs 10 + 5 fmol/ml, p <0.0003), whereas 
no difference was found in younger subjects (11 + 5 
and 12 + 6 fmol/ml in women and men, respectively). 
Similarly, plasma renin activity was inversely related to 
age in women (r = —0.35, standard error of the esti- 
mate = 1.6 ng/ml/hour, p <0.02 [n = 45]), but not in 
men; the relation in women was even stronger when the 
effect of race was removed (partial r = —0.41). 


DISCUSSION 

Relation of age and gender to left ventricular size 
and function: In the present study, LV chamber dimen- 
sion indexed for body surface area was greater in older 
women than in men, but not in younger subjects; in 
contrast, LV mass index was greater in men than in 
women in both age strata, a difference that was slightly 
attenuated in the older subjects. These results parallel 
the positive relation between age and LV mass found in 
women and the absence of such a relation among men 
in apparently healthy participants in the Framingham 
Heart Study.!© Cabral et al? demonstrated that in hy- 
pertensive male rats the presence of testosterone facili- 
tated the development of LV hypertrophy, whereas pre- 
treatment with estradiol inhibited LV growth; more- 
over, orchiectomy of male and oophorectomy of female 
rats attenuated and enhanced the development of LV 
hypertrophy, respectively. Thus, in fertile women, sex 
hormones may inhibit LV growth. Because LV mass is 
the strongest risk factor other than age for cardiovascu- 
lar morbid events,>93! increasing LV mass may con- 
tribute to the partial loss of cardiovascular protection 
among older women. 

The age-related gender differences in LV chamber 
size that were observed suggest that loading conditions 
may change in postmenopausal women. The increase in 
diastolic LV chamber size in older women was not due 
to reduced LV performance: to the contrary, systolic 
function was enhanced. These findings could be consis- 
tent with a Starling mechanism, if expansion of plasma 
volume led to an increase in cardiac preload. The age- 
related increase in atrial natriuretic factor (Figure 1), 
decrease in plasma renin activity, and tendency toward 
a decrease in blood viscosity in older women, are all in 
the direction that would be produced by an expansion 
of plasma volume. Unfortunately, direct measurements 
of plasma volume were not obtained in this study, be- 





D Atrial Natrluretic Factor (GMol/mi) 


re. GO 
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FIGURE 1. Relation of atrial natriuretic factor (vertical axis) 
to age (horizontal axis) in normotensive adults. The relation is 
significant in women but not in men. 


cause Evans blue dye was not available during this 
study and few subjects would accept use of radioiso- 
topes. 

Whole blood viscosity and left ventricular mass: 
Whole blood viscosity was weakly related to LV mass 
in our normal subjects, because deviations of whole 
blood viscosity within the normal range had opposite 
relations to the anatomic components of LV mass (di- 
rect to LV posterior wall thickness, and inverse to 
chamber dimension). Therefore, changes in blood vis- 
cosity may influence LV geometry more than LV mass. 
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Cost-Effectiveness Analysis of the Use of 
Digoxin Immune Fab(Ovine) for Treatment of 
Digoxin Toxicity 


Josephine A. Mauskopf, PhD, and Thomas L. Wenger, MD 


Each year many people have digitalis toxicity se- 


vere enough to require extensive hospital treat- 
ment. Digoxin immune Fab[ovine]-Fab fragments 
(Digibind®) have been shown to reverse digitalis 
toxicity and substantially reduce the risk of 
death. Data were used from uncontrolled studies 
of patients treated with Fab fragments as well as 
clinical, medical care and pharmacokinetic data 
from symptomatically treated patients to derive 
estimates of the difference in clinical outcomes 
and medical care costs when treating with this 
new drug. Estimates are derived separately for 
treatment of patients with toxicity that is imme- 
diately life-threatening and patients whose mani- 
festations are not immediately life-threatening. 
Treatment with Fab fragments reduces the prob- 
ability of dying more for the seriously toxic than 
for the less seriously toxic patient. Such treat- 
ment is generally associated with an increase in 
total medical care costs for the seriously toxic 
patients because more of them survive the toxic 
episode and require additional medical care be- 
fore discharge from the hospital. For these pa- 
tients, the estimated cost per life-year saved is 
between $1,900 and $5,400. When Fab frag- 
ments are used to treat less seriously toxic pa- 
tients, total medical care costs decrease because 
of an estimated decreased number of days in the 
coronary care unit and decreased use of pace- 
makers and other aggressive treatments. 

(Am J Cardiol 1991;68:1709-—1714) 
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of all patients being treated with digitalis glyco- 

sides.! Because the therapeutic and toxic ranges 
in patients with heart disease are relatively close, toxici- 
ty during chronic use may result from an accidental 
overdose, unpredictable changes in kidney function, or 
electrolyte imbalance. Most of the cases of toxicity are 
minor and the patient can be treated by temporary 
withdrawal or reduction in the dose of digoxin either on 
an outpatient or inpatient basis. However, several thou- 
sand patients each year require more aggressive hospi- 
tal treatment. Most of the cases of digitalis toxicity oc- 
curring during the course of chronic therapy (“thera- 
peutic toxicity”) are caused by digoxin, because it 
accounts for >90% of digitalis use in the U.S. Acute 
toxicity is less common, approximately 2,400 cases each 
year? and is seen mostly in 2 groups: young children 
accidentally eating tablets and adults attempting sui- 
cide by overdose. 

Until recently the standard treatment for patients 
with significant clinical symptoms of toxicity was symp- 
tomatic and included the following, as necessary: elec- 
trolyte maintenance, antiarrhythmic agents, a tempo- 
rary pacemaker, direct-current countershock, and car- 
diac massage. The half-life of digoxin is estimated to 
range from 36 to 48 hours for patients with normal 
kidney function, to 4 to 6 days for patients with severe- 
ly compromised kidney function.? Thus, digoxin levels 
may take several days to fall below the toxic range. For 
this reason, these patients often required lengthy stays 
in the coronary care unit. Even with extensive and ag- 
gressive symptomatic treatment, reported mortality 
rates have ranged from 3 to 21% for patients who be- 
came toxic during maintenance therapy with digoxin* 
and from 13 to 25% for those with suicidal or acciden- 
tal ingestion.> 

Data from clinical trials indicate that using digoxin 
immune Fabfovine}-Fab fragments (Digibind®) for the 
treatment of digoxin toxic patients who are experienc- 
ing serious clinical manifestations substantially reduces 
their risk of death. Fab fragments are presently indi- 
cated for use in patients with potentially life-threaten- 
ing cardiac arrhythmias or other evidence of severe dig- 
italis intoxication. Such patients require continuous 
monitoring until the digoxin levels are reduced into the 


D igitalis toxicity is believed to occur in 5 to 20% 
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therapeutic raze, Treatment with Fab fragments is ex- 
pected to red ce the mortality and morbidity in these 
patients. Befcxe Fab fragments were approved for use, 
an appropriate safety profile was established. Physi- 
cians, pharméc:sts, and third party payers are also like- 
ly to want to znow under what conditions the benefits 
associated wë the expected reductions in mortality 
and morbidits >utweigh the increased drug costs. 

In this artze, we estimate the benefits and costs of 
using Fab frazments for patients with more and less 
serious manifes-ations of toxicity. The data we used for 
these estimates are from uncontrolled trials and were 
not collected faz the purpose of cost-effectiveness analy- 
sis. In addition, the values for several key data items 
had to be derived from the available data using expert 
judgement. Fzr these reasons, we also describe the sen- 
sitivity of our results to alternative possible values for 
these data iterzs. 


METHODS 

When Fat fragments are used to treat a patient 
with digoxin -oxicity both the clinical outcomes and 
medical care services used during the toxic episode 
change. In ths study, we estimate changes in the fol- 
lowing clinice. outcome and medical care service use 
associated witt. using Fab fragments: survival rate from 
toxic episode; length of stay in the coronary care unit 
(intensive case); length of stay in the hospital; and 
probability of iemporary pacing, electrical cardiover- 
sion, or cardiax massage, or a combination. 

We use the estimates of the changes in clinical out- 
come and mefizal care service use to estimate the bene- 
fits and costs xf using Fab fragments. In addition, we 
estimate the gi costs, difference between all costs and 
all benefits th=t can be assigned a dollar value, and the 
net cost /effecttveness ratio where effectiveness is mea- 
sured as the epected gains in life-years using Fab frag- 
ments. 

Patient grups analyzed: Expected clinical out- 
comes and medical care use vary according to the de- 
gree of digox-m toxicity and the patient’s baseline state 
of health. Four groups of patients were identified for 
analysis in our study: (1) adults with heart disease who 
accidentally tezome toxic during digoxin therapy, (2) 
adults with hzért disease who ingest digoxin with sui- 
cidal intent, (=; adults with no heart disease who ingest 
digoxin with saicidal intent, and (4) children <5 years 
old with no heart disease who accidentally ingest digox- 
in. A potentia. fifth group, composed of children with 
cardiac disease. are not considered in the analyses. 

Each of tse 4 groups of patients can be further 
divided into Z subgroups: (I) patients who have cardiac 
manifestations that are immediately life-threatening 
(e.g., ventricular tachycardia, ventricular fibrillation, or 


third-degree heart block); and (II) patients who have 
less serious cardiac manifestations such as ventricular 
premature contractions (stable or increasing in com- 
plexity), first- or second-degree heart block (stable or 
increasing), or massive ingestion of digoxin without im- 
mediately life-threatening arrhythmias. 

Assumed outcomes of toxicity episode: We assume 
that an episode of digoxin toxicity results in 1 of 3 pos- 
sible outcome scenarios: (1) patient survives the toxic 
episode after drug treatment only; (2) patient survives 
the toxic episode after receiving drug therapy and ag- 
gressive nondrug therapy such as a temporary pace- 
maker, cardioversion and cardiac massage; and (3) pa- 
tient dies during the toxic episode despite receiving drug 
treatment and, possibly, aggressive nondrug therapy. 
Figure 1 illustrates these 3 outcome scenarios. 

We make the simplifying assumption that surviving 
patients return to their baseline state of health once the 
toxic episode is over. This baseline state of health varies 
according to whether the patient has heart disease and 
whether the ingestion was suicidal or accidental. 

Changes in outcomes with Fab fragments: We 
compute the reduction in the probability of dying and 
change in medical care service use associated with us- 
ing Fab fragments for each patient subgroup using the 
probabilities shawn in Figure | as follows: 


Change in probability of dying = P} — PNP 


Change in 3 
service use S, = > (PP x Sp) Eltere 


where the Ce are the 3 outcome scenarios and the Go 
are the different types of medical care service j includ- 
ing hospital days, intensive care days, cardioversion, 
pacemaker, and cardiac massage in outcome scenario i. 

Dollar values are assigned to changes in medical 
care use based on estimated costs of the individual ser- 
vices. The net costs of using Fab fragments are com- 
puted as the sum of the cost of the Fab fragments and 
the estimated dcilar costs of all the increases in medical 
care use, minus the estimated dollar costs of all de- 
creases in medical care use. 


RESULTS 

Parameter estimates: The parameter estimates and 
their sources are presented in Tables I through HI. In 
some cases the parameter values are obtained directly 
from experimenial data. Data for patients treated with 
Fab fragments are available from Burroughs Well- 
come’s multicenter trial and postmarketing surveil- 
lance study.’ The data from the postmarketing surveil- 
lance study are more representative of actual clinical 
practice and are used for all patient groups except chil- 
dren with life-threatening manifestations. Because the 
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Without Fab fragments 
Surviving with drug treatment only d 
Surviving with aggressive treatment 
Dying 

With Fab fragments 
Surviving with drug treatment only 
Surviving with aggressive treatment 
Dying 


Without Fab fragments 
Surviving with drug treatment only 
Surviving with aggressive treatment 
Dying 
With Fab fragments 
Surviving with drug treatment only 
Surviving with aggressive treatment 
Dying 
*Group A = therapeutic/heart disease; group B = sulcide/heart disease; group C = 


suicide/no heart disease; group D = accident/child/no heart disease. 
Sources: references 6 (patients 38 to 150) to 10. 





numbers of these patients were insufficient in the post- 
marketing surveillance study, we took the data for this 
latter group from the pediatric patients in the multicen- 
ter trial.* Where experimental! values are not available, 
such as for the patient outcomes without treatment 
with Fab fragments, parameter values are estimated 
based on all available information and expert judgment. 

Table I presents the estimated probability of occur- 
rence of each of the 3 disease outcome scenarios with 
and without treatment with Fab fragments for each pa- 
tient group. The outcome estimates for the patients 
with manifestations of toxicity that are immediately 
life-threatening receiving symptomatic treatment only 
are based on the death rates for the arrhythmias most 
likely to occur in each patient group: ventricular ta- 
chyarrhythmias for those with heart disease,®.? and par- 
oxysmal supraventricular tachycardia with heart block 
for those without heart disease.'° No data exist on what 
the outcomes would have been in patients with less seri- 
ous clinical manifestations without Fab treatment, and 
so our estimates are based on expert opinion. We do 
know that their physicians considered their symptoms 
to be potentially life-threatening and that their average 
serum digoxin levels were well above therapeutic levels. 
A higher probability of dying is always assumed for 
groups A and B than for groups C and D to account 


*The data used from the multicenter trial included outcomes only 
for the children included among patients 38 through 150, because the 
earliest pediatric patients were not treated with Fab fragments until all 
alternative treatment methods had been tried. 


TABLE Il Percentage of Patients Needing Aggressive 
Treatment Who Received Pacing, Cardioversion and Cardiac 
Massage 


Patient Groups* 


B 


100 
67 
67 


66 
36 
43 


73 
45 
64 


Temporary pacemaker 
Cardioversion 
Cardiac massage 


71 100 
14 0 
14 Q 


*Group A = therapeutic/heart disease; group B = suicide/heart disease; group C = 
suicide/no heart disease; group D = accident/child/no heart disease. 

No children with less serious clinical manifestations required aggressive treatment 
in the postmarketing surveillance survey. 

Sources: references 6 (patients 38 to 150) and 7. 


Temporary pacemaker 
Cardioversion 
Cardiac massage 





for deaths in these patients from their underlying heart 
disease in addition to deaths directly attributable to the 
digoxin toxicity. 

Table II presents the probabilities of using tempo- 
rary pacemakers, cardioversion and cardiac massage in 
patients who need aggressive therapy. Table III pre- 
sents the average serum digoxin levels and number of 
vials of Fab fragments (40 mg/vial). The number of 
vials used varies according to the serum level of digoxin 


. p 


Survive witt drug 
treatment only 


Survive with 
aggressive treatment 


Treat with Digibind 


PN +P 


` D 


Survive wt drug 
treatment only 


Survive with 
aggressive treatment 


Symptomatic 
treatment only 


Die with agg-essive 
treatment 





FIGURE 1. The 3 outcome scenarios for an episode of digoxin 
toxicity. 
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TABLE WI Mean Serum Digoxin Levels (ng/ml) and Mean Number of Vials (40 mg) of Fab 
Fragments Used 


Patient Groups? 
B C D 


immediate Life-Threatening Manifestations 


A 
4.5 
3:1 


Digoxin level 
Number of vials 


150 17.0 18.4 
80 12.4 2.3 


Days to <2.0 ng/ml for patients with average kidney 33 83 4.9 3.2 


functiont 


Potentially Life-Threatening Manifestations 


Digoxin level 
Number of vials 


5.0 9.0 10.0 1341 
2.8 f-t 7.1 1.5 


Days to <2.0 ng/m‘ for patients with average kidney 3.8 6.2 3.7 2.7 


functiont 


*Group A = therapeutic/heart disease; group B = suicide/heart disease; group C = suic de/no heart disease; group D = 


accident/child/no heart disease. 


_tEstimated assuming exponential decay with a half-life of 1.6 and 1 day, respectively, for adults and children without heart 
disease, and 2.9 days for adults with heart disease (assuming an average creatinine clearance for these patients of 30 


ml/min), 
Sources: references 3, 6 (patients 38 to 150) and 7. 


and the patierr’s weight as well as the physician’s level 
of concern abzut the patient’s clinical manifestations. 

When Fat fragments are not given, a pharmacoki- 
netic model? & used to estimate the time taken for se- 
rum digoxin levels to fall from the mean levels in each 
patient subg-aup to the assumed toxic level, 2.0 
ng/ml!! (see Table III). This time was estimated based 
on the average calculated creatinine clearance for each 
patient subgra.p. Normal renal function is assumed for 
patients withcat heart disease. Renal function is im- 
paired for mos. patients with heart disease.’:!2 The av- 
erage calculat=d creatinine clearance for patients with 
heart disease m the postmarketing surveillance study 
was 30 ml/m:m and was used to estimate the elimina- 
tion half-life fzr these patients. 

For those patients whose deaths are directly attrib- 
utable to digczin toxicity, death is assumed to occur 
within the first: 48 hours, with an average stay of 1.67 
days in intens:ve care (based on 1984 Medicare data). 
The use of F=b fragments is assumed to reduce the 
incidence of tkese early deaths only. For all patients not 
receiving Fab fragments, the time that it takes the se- 
rum digoxin le~el to decrease to <2.0 ng/ml is used to 
estimate the minimum time that the patient would 
spend in intensive care. Our estimates are consistent 
with data from Medicare patients with a primary diag- 
nosis of digox.a toxicity in 1984 who had an average 
length of stay in intensive care of 3.4 days. When Fab 
fragments are given, the serum concentration of free 
digoxin decreases to undetectable levels within minutes 
and manifestesions of toxicity resolve within 3 to 4 
hours.®!2 Thesefore patients treated with Fab frag- 
ments are assamed to have a minimum stay of only 1 
day in intensive care. An extra day in intensive care is 





assumed for all patients receiving aggressive therapy. 
Patients with prior heart disease are also assumed to 
remain an additional 1 day (if not treated with Fab 
fragments) or 2 days (if treated with Fab fragments) in 
intensive care to begin restabilization of their underly- 
ing heart disease. 

After leaving intensive care, patients with heart dis- 
ease are assumed to remain in routine care for 4 days 
for further restabilization (average length of stay for 
patients with arrhythmias or conduction disorders with- 
out complications and comorbidity [DRG 139] in 
North Carolina hospitals in 1988). Patients attempting 
suicide are also assumed to undergo inpatient psychiat- 
ric care for a total of 16 days after they leave intensive 
care (average length of stay for patients with depressive 
neuroses [DRG 426] in North Carolina hospitals in 
1988). Restabilization of only 1 day of routine care is 
assumed for children with accidental ingestion. 

Hospital resource cost data used were approximate 
values only, because these costs vary among hospitals. 
We assumed that the ratios of cost to charges for rou- 
tine care days, intensive care days, and a temporary 
pacemaker were approximately 1. Charge data from a 
North Carolina hospital for these resources for 1990 
were then used to approximate the costs of these re- 
sources. The average wholesale price of Digibind in 
September 1990 was used as the cost estimate for the 
Fab fragments. Changes in these costs do not change 
our cost-effectiveness estimates if their relative magni- 
tudes remain approximately the same. 

Cost-effectiveness estimates: The data presented in 
Tables I through III or previously described are used to 
compute net cost-effectiveness ratios for Fab fragments 
in the different patient groups. Table IV presents a 
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Benefits 
increased probability of survivalt 
Reduced medical care costst 
Costs 
Fab fragments§ 
Increased medical care costst 
Net costs 
Net cost/life-year saved|| 


0.39 
n/a 


Benefits 
Increased probability of survivalt 
Reduced medical care costt 
Costs 
Fab fragments§ 
Increased medical care costst 
Net costs 
Net cost/life-year saved] 


0.11 


n/a 


<0 


$2,060 
$672 


($1,388) 


$2,573 


$1,920 

$81 
$2,001 
$5,408 


$696 
n/a 
($1,877) 


$2,102 


$1,848 
n/a 

($254) 
<0 


($245) 
<0 


($2,339) 
<Q 


*Group A = therapeutic/heart disease; group B = suicide/heart disease; group C = suicide/ne heart disease; group D = 


accident/child/no heart disease. 
¢From probabilities of dying in Table J. 


Unit costs: cardiac care unit day = $1,000 including cardioversion and cardiac massage if needed; hospital day = $425; 


pacemaker = $1,500. 
§Fab fragments (Digibind®) cost = $240 for 40 mg vial. 


Assuming a remaining tife expectancy for groups A and B, 1 year; C, 36 years; and D, 74 years, 


n/a = not applicable, 


summary of the estimated benefits and costs of treat- 
ment with Fab fragments. The benefits include an in- 
creased probability of survival for all patient groups. In 
addition, hospital costs per patient (excluding the cost 
of Fab fragments) are less for all children with acciden- 
tal ingestion and for patient groups A, B and C with 
potentially life-threatening manifestations because of 
less need for aggressive therapy and shorter stays in 
intensive care for survivors. These overall hospital cost 
savings are achieved despite the fact that additional 
hospital costs are incurred for patients whose lives are 
saved because of using Fab fragments. They are also 
more than the additional cost of the Fab fragments and 
so the net costs of treating these patient groups are neg- 
ative. For patient groups A, B and C with immediately 
life-threatening manifestations, the additional hospital 
costs for patients whose lives are saved are more than 
the reduced costs for survivors. Thus, the net costs of 
treating these patients, including the cost of the Fab 
fragments, are positive. 

The results of our analysis are sensitive to changes 
in the assumed or estimated parameter values. In our 
study, the estimates of the net costs of treatment with 
Fab fragments are especially sensitive to the estimates 
of the magnitude of 2 effects of treatment: reduction in 
number of days in intensive care and reduction in prob- 
- ability of dying as a result of the toxic episode. The net 
costs of treatment with Fab fragments will be higher, 





TABLE V Cost Per Increased Year of Life Associated with 
Reduced Risk of Death from Coronary Heart Disease or Stroke 


Cost Per Increased 


Treatment Year of Life 


Fab fragments for digoxin toxicity in children and 
adults with potentially life-threatening mani- 
festations 

Fab fragments for digoxin toxicity in aduits with 
therapeutic toxicity with immediately life- 
threatening manifestations 

B-adrenergic antagonist therapy after MI in high- 
risk male patients aged 45 years!3 

Fab fragments for digoxin toxicity in adults with 
massive ingestion and immediately life-threat- 
ening manifestations 

B blockers for hypertension for 52-year-old 
manl4 

simvastatin starting at age 35 years to lower 
serum cholesterol $ 

B-adrenergic antagonist therapy after myocardial 
infarction in low-risk male patients aged 45 
years 

Heart transplant)6 

Simvastatin to lower serum cholesteroi starting 
at age 60 years!5 

Coronary care unit versus intermediate level of 
care for patients (average age 60 years) with 
chest pain but at low risk for acute myocardial 
infarction! 


Negative costs 


$1,900* 


$2,327t 


$5,400* 


$7 ,200t 


$23,000§ 


$23,457 


$23,500** 
$49,000§ 


$139,000 


*Assuming underlying heart disease and a 1-year remaining life expectancy. 

TReceiving 6 years of treatment and assuming 9 years continuing but decreasing 
effectiveness after end of treatment. 

tAssuming pretreatment systolic blood pressure of 180 mm Hg. 

§For men with initial levels of 310 mg/dl. 

Jare 6 years of treatment and assuming no continuing effectiveness after end 
of treatment. 

**No information on patient characteristics given. 

Sources: references 13 to 17, 
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the smaller fke reduction in intensive care days (by 
$1,000/day) cause of the high cost of such care. The 
net costs of t-eatment with Fab fragments will also be 
higher, the lazer the reduction in probability of dying 
because of th= costs of treating additional survivors. 

To comput the cost-effectiveness ratios, defined as 
cost per increcsed year of life expectancy, we assumed 
a remaining Ke expectancy of 1 year for patients with 
heart disease, 36 years for suicidal patients without 
heart disease. and 74 years for children. Under these 
assumptions, the cost per life-year saved ranges from 
negative for =hildren and adults with potentially life- 
threatening r.anifestations to $5,400 for patients in 
group B witk immediately life-threatening manifesta- 
tions. These etimates are sensitive to our assumed out- 
come change: For example, under the unlikely as- 
sumption that use of intensive care is not reduced at all 
by using Fab =ragments, cost per life-year saved ranges 
from negative for children to a maximum of $23,000 
for adults with massive ingestion. 


DISCUSSICN 

The best ay to estimate all the outcome changes 
attributable t= a new treatment method is to measure 
the changes Hrectly in a clinical trial that randomly 
assigns patiersS to the old and new treatment methods. 
Because Fab Fragments are designed for use in life- 
threatening sCuations, no such trial has been per- 
formed. This. study uses an alternative approach for 
comparing medical care use and health outcomes of 
comparable groups of patients treated with and without 
Fab fragmente. 

In this apsroach, we describe all the possible out- 
comes of an zpisode of digoxin toxicity and use avail- 
able data to 2stimate the change in probabilities of 
these outcomes when treating with Fab fragments. We 
also estimate ne resource use associated with each out- 
come. We ha data to estimate the probabilities of the 
different outcmmes when these patients are treated with 
Fab fragments. Although aggressive therapy was often 
instituted befæe Fab fragments were given and might 
be avoided b; earlier administration, timing of treat- 
ment with Feb fragments is assumed, in this analysis, 
to be the sam= in general practice as was observed in 
the clinical sttclies. Because of the lack of experimental 
data, the pratabilities of the different outcomes with 
symptomatic ‘reatment only were estimated using in- 
formation fron the clinical literature and expert judg- 
ment about tke specific patient mix in the treatment 
groups. 

In general net health care costs will be lowest for 
new treatmers that reduce the use of health care re- 


sources that have high per-unit costs and that do not 
increase survival in the treated patients. Increased sur- 
vival results in higher net costs. Where the net costs of 
a new treatment are positive, cost-effectiveness ratios 
provide good measures for the value of the drug. For 
those patients with immediately life-threatening mani- 
festations treated with Fab fragments and for whom 
the net costs are positive, the cost per life-years saved 
ranged between $1,912 and $5,400. Compared with 
other treatments designed to increase life expectancy by 
reducing the risk of death from coronary heart disease, 
these costs per life saved for Fab fragments are small 
(see Table V). For example, in a recent study by Mar- 
tens et al! of drugs designed to prevent cardiac disease 
through lower serum cholesterol levels, the cost per year 
of life saved for men with an initial serum cholesterol 
level of 310 mg/dl was estimated to be between 
$23,000 and $49,000 for simvastatin, a serum choles- 
terol-lower-ing drug, depending on the age when thera- 
py was initiated. Thus, administering Fab fragments to 
patients with life-threatening digoxin toxicity could be 
considered quite cost-effective. 
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Limitations of Testing Methods for Evaluation of Dual Chamber 
Versus Single Chamber Adaptive Rate Pacing 


Roy V. Jutzy, MD, Joseph Florio, Dale M. Isaeff, MD, Linda Feenstra, MS RRT, 


Bettye Briggs, RN, and Paul A. Levine, MD 


s new modes of cardiac pacing are developed, it 

is important to determine if these modes offer 

additional benefits over already existing options. 
Comparisons between dual (DDDR) and single cham- 
ber ventricular (VVIR) rate-modulated pacing using 
standard exercise protocols have produced conflicting 
results (7 Exercise duration alone does not appear to 
accurately reflect differences in cardiac efficiency and 
tissue perfusion. Similarly, maximal oxygen uptake tends 
to reflect exercise duration rather than cardiac perfor- 
mance.> This study was designed to compare the DDDR 
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and VVIR pacing modes using measures of exercise 
duration and maximal oxygen uptake, as well as less 
frequently used parameters, including anaerobic thresh- 
old time, maximal carbon dioxide production, respiratory 
exchange ratio, cardiac output, and the ratio of cardiac 
output to oxygen uptake. 

Fifteen patients (9 men and 6 women, age range 52 
to 81 years [average 70]) with a normally functioning 
dual chamber adaptive rate pacemaker were studied. 
All patients were paced for symptomatic bradycardia; 
13 had sick sinus syndrome and 4 had high-degree 
atrioventricular (AV) block. Ten patients had chrono- 
tropic incompetence and 3 had previously documented 
pacemaker syndrome associated with VVIR pacing 
(Table I). Patients were studied at rest and during 


TABLE I individual Patient Data 


Age 
(yr) 
& Sex Dx 


DDDR 
VVIR 
DDDR 
VVIR 
DDDR 
VVIR 
DDDR 
VVIR 
DDDR 
VVIR 
DDDR 
WIR 
DDDR SSS 
VVIR 
BDDR 
VVIR 
DDDR SSS 
VVIR 
DDDR 
WIR 
CODR SSS 
WIR 
CDDR 
VVIR 
CDDR SSS 
WIR 
CDDR 
VIR 
CDDOR SSS 


10:22 
9:51 
11:50 
11:48 
11:56 
11:19 
10:55 
8:07 
11:34 
11:52 
11:00 
9:30 
7:04 
6:50 
11:52 
9:30 
9:52 
8:45 
12:56 
10:59 
11:25 
11:05 
8:30 
7:51 
12:51 
12:23 
17:02 2.26 
15:58 : 2.12 
6:00 — ee 

WIR 5:00 E 
% Impr CDDR 10% 3% 7h 5% 
p Score NS NS NS NS 


Cl, PS, SSS 


Cl, PS, SSS 
2.20 
Ci, PS, SSS 
1.88 
Cl, PS, SSS 
1.44 
CI, PS, SSS 
1:92 
0.89 
0.77 
0.81 
0.83 
1.60 
1.30 
1.01 
0.98 
2.39 
1:91 
1.83 
2.35 
0.64 
0.69 
2.01 
2.01 


CI, SSS 


Ci, PS, 3° 


1 
1 
2 
2 
3 
3 
4 
A 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 


Cl, 3° 


Cl, PS, SSS, 2° 


CI, SSS 


AT VO2 LO CO co 
at AT EX Diff 


1.09 
EES 
0.99 
0.80 
1.06 
1.12 
1.18 
0.81 
1.10 
1.15 
0.97 
0.90 
E01 
0.96 
1.01 
0.88 
0.99 
0.97 
1.17 
1.04 
1.30 
0.98 
1.00 
0.99 
1.06 
0.89 


1.52 
1.22 
1.99 
1.77 
2.17 
Zink 
1:73 
1.17 
2.50 
2.20 
0.86 
0.69 
0.82 
0.80 
1.61 
1.14 
1.00 
0.95 
2.80 
1.99 
2.38 
2.31 
0.64 
0.68 
2.14 
1.79 


6.95 
7.13 
6.75 
6.43 
12.50 
il-21 
8.78 
8.60 
21.73 
13.64 
13.56 
17.8 
4,57 
5,04 
16.61 
15.95 
0.86 1.95 16.74 0.16 
0.92 1,94 15.14 0,35 


tt mee ez 


3,99 
4.14 
2.24 
5.44 
3.64 
4.45 
2.48 
4.66 
4.04 3.17 
37% 48% 
<0.05 0.003 


8.14 
5.07 
21,39 
9:55 
13.73 
6.08 
5.94 


0.14 
0.18 
0.22 


10% 16% 4% 63% 
0.039 0.005 NS 0.0028 


AT Time = time of anaerobic threshold; Ci = chronotropic incompetence; CO Diff = change in cardiac output from rest to exercise (L/min); CO Ex = cardiac output at maximal 
exercise (L/min); CO Rest = cardiac output at rest (L/min}; DDOR = dual chamber adaptive rate pacing; Dx = diagnosis; ED/Min = maximal exercise duration in minutes; HR/Max = 
maximal heart rate achieved; % Impr = percent improvement; METS = metabolic equivalents; NS = not significant; O2 Pulse = oxygen pulse (oxygen uptake/heart rate); PS = 
pacemaker syndrome; R Max = maximal respiratory exchange ratio; SSS = sick sinus syndrome; VCO2 Max = maximal carbon dioxide production; Ve/VO2 = ventilatory equivalent for 
oxygen; VO2 at AT = oxygen uptake at anaerobic threshold; VOz/CO = oxygen uptake divided by cardiac output; VO2 Max = ventricular adaptive rate pacing; VVIR = single chamber 
adaptive rate pacing; 2° = second-degree heart block; 3° = third-degree heart block; — = not obtained. 





BRIEF REPORTS 1715 


multistage treadmill exercise using the Chronotropic 
Assessment Exercise Protocol. Two exercise tests 
were performed, I in each pacing mode. The AV delay 
was programs-ed to that which had previously been 
determined œ optimum for each patient at rest. In 
patients with =acesetter Synchrony® pacemakers, the 
adaptive rate AV delay function was enabled during 
exercise. The use of adaptive rate AV delay with exer- 
cise is believed to be an important factor,o-° mimick- 
ing the prog-zssive shortening of AV delay during 
exercise as sezn in normal subjects.? 

Pacing modes were randomly selected and blinded 
to the potter: Before enrollment in the study, all 
patients unde-went È] exercise test to familiarize 
them with th= procedure. During the study, a symp- 
tom-limited rzaximal exercise test was performed in 
each mode all=wing a minimum of 2 hours for recov- 
ery between tests. Exercise duration, heart rate, 
rhythm and metabolic equivalents were recorded 
while cardiac 2utput and pulmonary gas exchange 
were measurec. Cardiac output was measured by echo 
Doppler techn que in a semisitting position at rest and 
immediately after exercise in each pacing mode. 
Stroke volume was determined from the flow velocity 
integral recorzed with the Doppler sample volume 
positioned in "Ze left ventricular outflow tract. Maxi- 
mal values fran pulmonary gas exchange were de- 
fined as the r.eximal values recorded during exercise. 
Anaerobic threshold was determined using a compar- 
ison of 3 estcwished criteria. 

It is recogr-zed that some variability in exercise 
results exists vith serial exercise testing. This effect 
was minimizec by random assignment of pacing mode 
for each patie! and by strict adherence to the tread- 
mill protocol, as well as by prior familiarization of the 
patient with ia2 exercise equipment. 

Cardiac ox<put determination by echo Doppler 
technique has been found to be reliable in measuring 
serial changes.-!! However, it is technologically dif- 
ficult to perfczm this procedure during exercise, and 
its usefulness after maximal exercise is compromised 
owing to the rroblem of obtaining early determina- 
tions at equivalent times after exercise. 

Pulmonar- gas determination is influenced by 
multiple factors including variations in cardiac and 
pulmonary diszases. For this study, the effect on com- 
parative charges in each patient was minimized, be- 
cause the pawent acted as his own control and the 
same variable: were present for each test. Paced pa- 
tients often exibit a variety of rhythms in addition to 
their paced raxthm. In the VVIR mode, all patients 
were being pceed at maximal exercise. Six patients 
had episodes <j intrinsic or normal sinus rhythm, or 
both, during tæ early stages of exercise, but converted 
to a totally pzced rhythm during the final stages of 





exercise. For each of these 6 patients, >70% of the 
total exercise time was in a totally paced rhythm. In 
the DDDR mode, all patients except 1 were being 
paced at maximal exercise. One patient showed atrial 
tracking with ventricular pacing, whereas the remain- 
ing 13 exhibited atrial and ventricular pacing. Three 
patients exhibited atrial tracking with ventricular 
pacing for up to 3 minutes of total exercise time. One 
patient developed an intrinsic rhythm during the fi- 
nal 30 seconds of exercise time. Four patients exhib- 
ited occasional atrial-tracked ventricular-paced beats 
during exercise. 

Although there was a trend toward improved per- 
formance with DDDR pacing, analysis of exercise du- 
ration, maximal heart rate, metabolic equivalent, 
maximal oxygen uptake and oxygen pulse did not 
achieve statistical significance. Mean exercise dura- 
tion was 10% greater with DDDR than with VVIR 
pacing. Maximal heart rate was 126 beats/min for 
DDDR and 122 for VVIR. Total metabolic equiva- 
lents achieved a 7% increase, whereas maximal oxy- 
gen uptake showed a 5% increase in the DDDR mode. 
The oxygen pulse showed a 4% increase, and oxygen 
uptake at anaerobic threshold had a 7% increase in 
the DDDR mode (Table 1). 

The values for maximal respiratory exchange ra- 
tio and carbon dioxide production, anaerobic thresh- 
old time and cardiac output reached statistical signif- 
icance, suggesting that these parameters may be more 
powerful discriminators in the assessment of cardiac 
performance. Maximal respiratory exchange ratio 
showed a 10% increase, maximal carbon dioxide pro- 
duction a 16% increase and anaerobic threshold time 
a 12% increase. Cardiac output at maximal exercise 
showed a 48% increase in DDDR over VVIR (Table 
I), which is higher than that reported in other studies. 
The degree of improvement in cardiac output in this 
study appears to be related to several factors includ- 
ing exercise protocol (upright treadmill) and optimal 
AV delay programming with use of adaptive AV de- 
lay. The cardiac output difference, which is the differ- 
ence between cardiac outputs at rest and during exer- 
cise, showed a 66% improvement with DDDR pacing 
over the increase associated with VVIR. Oxygen up- 
take divided by cardiac output is a measure correlat- 
ing oxygen uptake with cardiac output, a lower ratio, 
indicating a higher cardiac output per given oxygen 
uptake, implies improved cardiac efficiency. This 
showed a 63% improvement with DDDR over VVIR. 
All measures related to cardiac output were the best 
parameters for the assessment of cardiac perfor- 
mance, although they were the most difficult to obtain 
(Table I). 

It should be noted that the results of this study are 
affected by 7 of the 15 patients having overt pacemak- 
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er syndrome. Although 3 patients were known to have 
pacemaker syndrome before the study, pacemaker 
syndrome became apparent during the course of the 
study in the VVIR mode in an additional 4 patients. In 
the group with pacemaker syndrome, there was a 37% 
improvement in cardiac output at rest, a 64% im- 
provement in cardiac output with exercise, and a 
103% improvement in cardiac output difference when 
comparing DDDR with VVIR. For the group who did 
not manifest pacemaker syndrome, improvement in 
cardiac output with exercise was 43% and that in 
cardiac difference was 48%. Although the results of 
this study are influenced by the large percentage of 
patients with pacemaker syndrome, this may be an 
accurate representation of the general population, be- 
cause pacemaker syndrome occurs more often than 
previously believed; some recent studies reported its 
incidence to be as great as 83%/2-"4 

Patients in this study showed better performance in 
the DDDR than in the VVIR mode. Though the degree 
of improvement for each parameter varied and not all 
achieved statistical significance, there was a consistent 
trend toward DDDR pacing. Those measurements in 
which a statistically significant difference was identified 
include cardiac output, anaerobic threshold time, oxygen 
uptake at anaerobic threshold, and maximal carbon di- 
oxide production and respiratory exchange ratio. Exer- 
cise duration and measurements that are closely associ- 
ated with it appeared to be relatively poor discriminators 
between pacing modes with respect to cardiac perfor- 
mance. This study indicates that an evaluation compar- 
ing the effect of 1 pacing mode with another with regard 
to cardiac function is best accomplished using multiple 


parameters. Except for cardiac output, which is the most 
difficult to measure, no other single parameter adequate- 
ly reflects the hemodynamic differences between DDDR 
and VVIR pacing in all patients. 
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Usefulness of Coronary Angiography in Patients Requiring Repeat 


Cardiac Valve Surgery 


G. Hunter Myers, MD, Peter M. Sapin, MD, Michael R. Mill, MD, and Avanindra Jain, MD 


idespread application of surgical treatment 
for valvular heart disease has made the diag- 
nosis of prosthetic valve dysfunction of great 
clinical importance. Recent advances in cardiac imaging 
techniques, including color Doppler and transesophageal 
echocardiography, provide such a detailed picture of 
valve anatomy and function that often cardiac catheter- 
ization adds little to the assessment.!* Despite adequate 
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noninvasive assessment of prosthetic valve function, adult 
patients continue to undergo cardiac catheterization be- 
fore reoperation to rule out the development of new sig- 
nificant coronary artery disease. This is usually per- 
formed even if the patient has been shown to be free of 
coronary artery disease at the time of initial valve sur- 
gery. The frequency with which significant coronary ar- 
tery disease develops or progresses in patients with valvu- 
lar heart disease and the diagnostic yield of repeat coro- 
nary arteriography have not been adequately defined. 
This study examines a consecutive series of patients with 
prosthetic heart valves who underwent cardiac catheter- 
ization for recurrent symptoms to determine (1) the fre- 
quency with which new significant coronary disease de- 
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TABLE I Char=:teristics of Group 1 Patients Without and 
Group 2 Patier With Significant Coronary Artery Disease at 
initial Catheter zation 


Group 1 
(n = 75) 


49 +13 
16 (21%) 
26 (33%) 
7 (9%) 
1110 


CAD = coronary avery disease; NS = not significant. 


TABLE li Groa 1 Patients With and Without New Significant 
Coronary Arter: Disease 


New CAD No CAD 
(n = 7) in DÉI 


3 (43%) 13 (19%) 


Group 2 
tn = 15) 


65 t8 

11 (73%) 

10 (67%) 0.02 
9 (60%) 0.001 
845 NS 


p Value 


0.001 
0.001 


Age (years) 

Number of mer 

Aortic valve dis=ase 
Progression of AD 

Time since surgery (years) 









p Value 











Number of mer 


Age (years) 55+ 13 49+13 NS 
Aortic valve surgery 3 (43%) 22 (32%) NS 
Time since surg=y (years) 12.5+ 51 80253 £0.08 
Angina/myocar-éal infarc- 6 (86%) 12 (18%) 0.001 


tion 


CAD = coronary sry disease; NS = not significant. 


velops in patients without previous disease, (2) the fre- 
quency with which new significant lesions appear in 
patients with Enown disease, and (3) clinical parameters 
that may iden:-fy patients with new significant coronary 
artery disease- 

The angicsraphy reports and medical records of 
all adult patiznts with a history of valve surgery who 
underwent cardiac catheterization for symptoms of 
valve dysfunction or angina at The University of 
North Caroliza Hospitals between January 1986 and 
December 19>0 were reviewed. Significant coronary 
artery diseas= was defined as 250% stenosis in at 
least 1 coronary artery visually estimated by an expe- 
rienced angioz-apher. Progression of disease was con- 
sidered to be iwe development of a new =50% stenosis 
or occlusion of a vessel or bypass graft. Angina was 
defined as a Fstory of chest pain interpreted as isch- 
emia and myozardial infarction was defined by a his- 
tory of typical symptoms accompanied by character- 
istic cardiac e~zyme or electrocardiographic changes, 
or both. 

Patients were divided into 2 groups based on ab- 
sence (group «) or presence (group 2) of significant 
coronary artey disease on the initial catheterization. 
Differences berween groups were compared using a 2- 
tailed t test fer continuous variables and Pearson's 
chi-square me-.hod for categorical variables. Data are 
presented as mean + standard deviation with a p 
value <0.05 considered significant. 

The study group consisted of 90 patients whose 
baseline charezteristics are listed in Table I. Group 2 
patients with coronary artery disease were older 


(p = 0.001) men (p = 0.001), and more often had aor- 
tic valve disease (p = 0.02). The 75 group 1 patients 
were restudied after a mean interval of 11.0 + 10.4 
years (Table IT). Only 7 of these 75 patients (9%) 
developed new significant coronary artery disease. 
One-vessel disease developed in 3 patients, 2-vessel 
disease in 3 patients, and 1 patient had an angio- 
graphically documented thrombus extending from 
the prosthetic valve ring into the left main coronary 
artery. The interval between surgery and second cath- 
eterization in patients with and without new signifi- 
cant coronary artery disease was similar (12.5 + 5.1 
vs 8.0 + 5.3 years, p = not significant). 

New significant coronary disease occurred more 
often in older male patients, and those with aortic 
valve disease, but because of the small number of 
patients developing new coronary artery disease the 
differences were not Statistically significant. An inter- 
val history of angina or myocardial infarction was 
found in6 of these 7 group 1 patients. Only 1 patient in 
group l was found to have significant coronary artery 
disease (a 70% mid-left anterior descending stenosis) 
without a history of angina or myocardial infarction. 
Ten patients with a history of angina and 2 patients 
with a history of myocardial infarction did not have 
new significant coronary artery disease. 

In group 2, 10 of 15 patients underwent coronary 
artery bypass graft surgery in addition to the initial 
valve surgery. During a mean follow up of 8.3 + 5.4 
years, 9 of 15 patients (60%) had progression of coro- 
nary artery disease. 

Patients with valvular heart disease requiring surgery 
often undergo coronary arteriography to determine the 
need for concomitant coronary artery bypass grafting. 
Previous studies of patients being evaluated before their 
first valve operation have attempted to use clinical char- 
acteristics to identify those who are at low risk for coro- 
nary artery disease, and obviate the need for coronary 
arteriography.>-- No previous studies have examined the 
need for coronary angiography in patients with valvular 
heart disease whose coronary artery disease status is 
already known, although several years previously. Serial 
angiographic studies of patients with no coronary artery 
disease suggest that in the presence of persistent or recur- 
rent anginal symptoms, approximately 15% of the pa- 
tients have new coronary artery disease when restudied 
after 1 to 13 years.6-8 Patients with mild disease (<50% 
stenosis) have a higher rate of disease progression com- 
pared to that of patients with no coronary artery dis- 
ease, TI 

This study was designed to determine the likelihood of 
adult patients developing coronary artery disease after 
heart valve surgery. In this study as well as in others 27 
older men with aortic valve disease were more likely io 
have coronary artery disease initially. Only 7 of 75 (9%) 
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patients without significant coronary disease at the initial 
catheterization developed disease over a mean interval of 
12.5 + 5.1 years, and 6 (86%) were identified by the 
interim development of angina or myocardial infarction. 
Although these patients tended to be older men with 
aortic valve disease, this trend was not statistically signifi- 
cant. If angina or myocardial infarction were used to 
determine the need for repeat coronary arteriography, 
only 18 of 75 patients (24%) would undergo arteriogra- 
phy and 6 would be found to have new coronary disease. 
Repeat coronary arteriography could have been avoided 
in 57 of 75 patients (76%) at a cost of missing 1 patient 
with new l-vessel disease. The low yield of coronary 
arteriography in group | patients is not unexpected. 
Group 1 patients were women (79%) (mean age 49 
years), a group with an approximately 5 to 10% likeli- 
hood of having coronary disease in the absence of typical 
angina.'! Furthermore, the significance of undiagnosed 
coronary disease in an asymptomatic patient is debat- 
able, because the benefit of adding empiric revasculariza- 
tion to valve surgery in such patients is not clearly estab- 
lished. !2 

In contrast to the findings in group 1, 60% of patients 
in group 2 with preexisting coronary disease developed 
additional disease when restudied. It is therefore reason- 
able to assume that repeat coronary arteriography is 
indicated in all patients with prior valve surgery and 
known coronary artery disease. 

Because this is a retrospective study, coronary disease 
risk factors could not be accurately assessed in all pa- 
tients. Other noninvasive methods such as exercise stress 
tests for detecting coronary disease were not uniformly 
applied. Such additional information may further help in 
identifying patients at very low risk for developing new 
coronary artery lesions. 

Adult patients who undergo valve surgery and are 
free of significant coronary artery disease appear to have 
a very low likelihood of developing new significant coro- 


nary artery disease when restudied for symptoms of valve 
dysfunction. The few patients who developed new signifi- 
cant coronary artery lesions can be identified by clinical 
criteria. Therefore, since information concerning ventric- 
ular and valve function and valve anatomy can be ob- 
tained noninvasively, most patients known to be free of 
coronary disease initially can safely be spared the added 
risk and expense of repeat coronary arteriography. 


1. Nellessen U, Schnittger I, Appleton CP, Masuyama T, Bolger A, Fischell TA, 
Tye T, Popp RL. Transesophageal 2-dimensional echocardiography and color 
Doppler flow velocity mapping in the evaluation of cardiac valve prostheses. 
Circulation 1988;78:848-855. 

2. Seward JB, Khanderia BK, Oh JK, Abel MD, Hughes RW Jr, Edwards WD, 
Nichol BA, Freeman WK, Tajik AJ. Transesophageal echocardiography: tech- 
nique, anatomic correlations, implementation, and clinical applications. Afayo 
Clin Proc 1988;63:649-680. 

3. Vandeplas A, Willems JL, Piessens J, DeGeest H. Frequency of angina pectoris 
and coronary artery disease in severe isolated valvular aortic stenosis. Am J 
Cardiol 1988;62:117-120. 

4. Ramsdale DR, Bennett DH, Bray CL, Ward C, Beton DC, Farager EB. 
Angina, coronary risk factors and coronary artery disease in patients with valvular 
disease. A prospective study. Eur Heart J 1984;5:716-726. 

5. Moise A, Theroux P, Taeymans Y, Waters DD. Factors associated with 
progression of coronary artery disease in patients with normal or minimally 
narrowed coronary arteries. Am J Cardiol 1985;56:30-34. 

6. Marchandise B, Bourassa MG, Chaitman BR, Lesperance J. Angiographic 
evaluation of the natural history of normal coronary arteries and mild coronary 
atherosclerosis. Am J Cardiol 1978;41:216-220. 

7. Gensini GG, Kelly AE. Incidence and progression of coronary artery disease. 
An angiographic correlation in 1263 patients. Arch Intern Med 1972;129:814- 
827. 

8. Hwang MH, Meadows WR, Palac RT, Piao ZE, Pifarre R, Loeb HS, Gunnar 
RM. Progression of native coronary artery disease: insights from a randomized 
study of medical versus surgical therapy for angina. J Am Coll Cardiol 
1990;16:1066-1070. 

9. Moise A, Theroux P, Tacynams Y, Waters DD, Lesperance’ J, Fines P, 
Descoings B, Robert P. Clinical and angiographic factors associated with progres- 
sion of coronary artery disease. J Am Coll Cardiol 1984;3:659-667. 

10. Bruschke AVG, Wijers TA, Kolsters W, Landman J. The anatomic evolution 
of coronary artery disease demonstrated by coronary arteriography in 256 non- 
operated patients. Circulation 1981;63:527-536. 

11. Diamond GA, Forrester JS. Analysis of probability as an aid in the clinical 
diagnosis of coronary artery disease. N Engl J Med 1979;300:1350-1358. 

12. Bonow RO, Kent KM, Rosing DR, Lipson LC, Borer JS, McIntosh CL, 
Morrow AG, Epstein SE. Aortic valve replacement without myocardial revascu- 
larization in patients with combined aortic valvular and coronary artery disease. 
Circulation 1981;63:243-251. 


Effectiveness of Balloon Percutaneous Valvuloplasty for Stenotic 
Bioprosthetic Valves in Different Positions 


Luis C. Orbe, MD, FSCAI, Nicolas Sobrino, MD, Isabel Maté, MD, Jose Oliver, MD, Jose Rico, MD, 
Araceli Frutos, MD, Francisco Dominguez, MD, Jose M. Mesa, MD, and Jose A. Sobrino, MD 


ercutaneous balloon valvuloplasty has been used 
as treatment for native valvular stenosis in the 
mitral, aortic, pulmonary and tricuspid posi- 
tions.'-* It has also been used as palliative therapy for 
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stenotic bioprosthetic valves.>-* In this study we present 
the immediate results and midterm follow up of percuta- 
neous balloon valvuloplasty of 5 bioprosthetic valves in 
different positions. 

Percutaneous balloon valvuloplasty was per- 
formed in 5 patients who had stenotic porcine biopros- 
thetic valves. Three of them were in mitral, 1 in aortic 
and I in the pulmonic position. Sizes ranged from 25 
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TABLE I Clinical and Functional Data 
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Postion Model 


Hancock 
Carpentier 
Carpentier 
Carpentier 
Hancock 
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FIGURE 1. A, right anterior oblique projection showing a 25 
mm monoballoor inflated through a Carpentier-Edwards mi- 
tral bioprosthet& valve. B, a 20 mm monobalicon inflated 
through a Carpeatier-Edwards prosthesis in aortic position. C, 
the left anterior chlique projection showing a 15 mm monobal- 
loon catheter inflated through a Hancock prosthesis in the pul- 
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to 31 (Table I). These valves were in place for >7 
years, except in 1 patient with a mitral prostheses in 
which stenosis appeared 3 years after implantation. 
All patients were in New York Heart Association 
functional class II to II. Echocardiographic studies 
showed valve calcium with conservated cusp mobility 
in all patients except patient 2, in whom we observed 
only a moderate fibrosis. Echo-Doppler functional 
studies were performed in the basal state, 72 hours 
after the procedure, and every 3 months during a 
mean follow-up of 10 + 3 months (range 6 to 14). 
Percutaneous balloon valvuloplasty in the mitral po- 
sition was performed through an anterograde access 
using a 25 mm trefoil balioon in 2 patients, and a 25 
mm monoballoon in the third (Figure 1A). Dilatation 
in the aortic position was done through arterial retro- 
grade access with a 20 mm monoballoon (Figure 1B). 
A 15 mm monoballoon catheter was also used in the 
pulmonary position (Figure 1C). In the first patient 
with mitral percutaneous balloon valvuloplasty, the 
pressure gradient decreased from 15 to 11 mm Hg and 
the functional mitral valve area increased from 1.1 to 
1.4 cm? after balloon dilatation. Postprocedural left 
ventriculography showed an increase in mitral regur- 
gitation from grade 1 to 2/4. After a slight clinical 
improvement, the patient developed a poor functional 
condition as the valve regurgitation increased pro- 
gressively. Echocardiographic study showed a moder- 
ate mitral regurgitation at 6-month follow-up and a 
clear cusp rupture with severe regurgitation on the 
12th month. The patient died during hospital admis- 
sion because of ventricular arrhythmia. The second 
patient had a mitral gradient reduction from 13 to 3 
mm Hg, with a functional valve area increase from 1.3 
to 2.5 cm*. No immediate mitral regurgitation was 
observed. The third patient had a gradient reduction 
from 16 to 5 mm He and an increase in mitral valve 
area from 0.9 to 1.7 cm? with no valve regurgitation. 
In both patients 2 and 3, no regurgitation was seen at 
follow-up. However, restenosis was observed by Echo- 
Doppler 6 to 7 months after the procedure, registering 
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valve areas of 1.3 and 1.1 cm?, respectively; both un- 
derwent repeat operation. In the patient with percuta- 
neous balloon valvuloplasty in the aortic position, the 
systolic pressure gradient decreased from 60 to 40 
mm Hg, with an aortic valve area increase of 0.84 to 
0.90 cm?. An aortic regurgitation grade 1/4 appeared 
after dilatation, increasing progressively to grade 3/4 
after 12 months. The patient underwent repeat opera- 
tion 14 months after balloon dilatation, confirming a 
bioprosthesis cusp rupture. The patient with a percu- 
taneous balloon valvuloplasty in the pulmonary posi- 
tion had a basal systolic gradient of 70 mm Hg that 
decreased to 45 mm Hg after dilatation. There was an 
increase in basal regurgitation from grade 1l to 2/4. 
This patient also had a muscular ventricular septal 
defect with equalization of ventricular pressures. Af- 
ter percutaneous balloon valvuloplasty dilatation, the 
ventricular defect became restrictive, showing an in- 
terventricular left to right shunt of 25 mm Hg. The 
clinical condition and echocardiographic parameters 
of the patient did not modify 6 months after the pro- 
cedure. 

This brief review shows the variability of the initial 
results of the procedure, and the poor outcome of bio- 
prosthetic valve dilatation at midterm follow-up. There- 


fore, this procedure should be considered as a short-term 
palliative therapy restricted to a small subgroup of pa- 
tients: those in critical situations who need stabilization 
before surgery, patients with early bioprosthesis stenosis 
with fine and mobile cusps, and those with a bioprosthesis 
implanted in the right side of the heart where a valvular 
regurgitation will be better tolerated. 


1. Inoue K, Owani T, Nakamura T, Kitamura T, Miyamoto N. Clinical applica- 
tion of transvenous mitral commisurotomy by a new balloon catheter. J Thorac 
Cardiovasc Surg 1984;87:394-402. 

2. Cribier A, Saoudi N, Berland J, Savin T, Rocha P, Letac B. Percutaneous 
transluminal valvuloplasty of acquired aortic stenosis in elderly patients: an alter- 
native to valve replacement? Lancet 1986;1:63-67. 

3. Lababidi Z, Jiunn-Ren W. Percutaneous balloon pulmonary valvuloplasty. Am 
J Cardiol 1983;52:560-562. 

4. Ai Zaibag M, Ribeiro P, Al Kasab S. Percutaneous balloon valvotomy in 
tricuspid stenosis. Br Heart J 1987;57:51-53. 

5. Feit F, Stecy PJ, Nachamie MS. Percutaneous balloon valvuloplasty for steno- 
sis of a porcine bioprosthesis in the tricuspid position. dm J Cardiol 1986;58: 
363-364. 

6. Waldman JD, Schoen FJ, Kirkpatrich SE, Mathewson JW, George L, Lam- 
berti JJ. Balloon dilatation of porcine bioprosthetic valves in the pulmonary 
position. Circulation 1987;76:109-114. 

7. Calvo Orbe L, Sobrino N, Gamallo C, Oliver J, Dominguez F, Iglesias A. 
Balloon percutaneous valvuloplasty for stenotic bioprosthetic valves in the mitral 
position. Am J Cardiol 1987;60:736-737. 

8. McKay CR, Waller BF, Hong R, Rubin N, Reid C, Rahimtoola SH. Problems 
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Clinical Spectrum of Venous Thrombi in the Fontan Patient 
Scott E. Fletcher, MD, Christopher L. Case, MD, Derek A. Fyfe, MD, PhD, 


and Paul C. Gillette, MD 


tion after the Fontan procedure. To characterize 

the clinical presentation, diagnostic methods, 
treatment regimens and outcome of this disease process, 
we retrospectively reviewed the records of 7 patients who 
developed systemic venous or pulmonary arterial throm- 
bosis after modifications of the Fontan operation. Clini- 
cal features were analyzed to identify “risk factors” that 
may predispose to thrombus formation. 

From April 1981 to May 1991, 64 patients have 
undergone the Fontan procedure or one of its modifi- 
cations at the Medical University of South Carolina. 
Postoperatively, thrombi have been detected in 6 of 64 
patients. A seventh patient who underwent the Fontan 
operation at another institution developed a thrombus 
during follow-up at our institution. These 7 patients 


V enous thrombus formation is a known complica- 


From the Medical University of South Carolina, South Carolina Chil- 
dren’s Heart Center, 171 Ashley Avenue, Room 616, Charleston, South 
Carolina 29425. Manuscript received April 29, 1991; revised manu- 
script received and accepted July 15, 1991. 





ranged in age from 6 months to 18 years. All were 
found to have systemic venous or pulmonary artery 
thrombi. Thrombi were detected in multiple locations 
including the inferior vena cava—baffle anastomosis, 
within the baffle, right atrium and pulmonary artery. 
Two subgroups have been identified based on time 
interval between Fontan operation and thrombus de- 
tection. 

The “early” subgroup (patients 1, 2,3 and 4[Table 
I) presented 1 day to 11 months (median 16 days) 
after the Fontan procedure. All patients in this sub- 
group were critically ill at time of thrombus detection. 
Thrombus formation was diagnosed by angiography 
in 2 patients and by transesophageal echocardiogra- 
phy in the other 2. Despite aggressive thrombolytic 
and anticoagulation measures with streptokinase and 
heparin along with surgical revision of the operation, 
3 of 4 early presenters had recurrent thrombi detected. 
Outcome was poor in all; 3 patients died and the 
fourth is left with a static encephalopathy. 
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TABLE I Orcal Characteristics 


Time 
After 
Fontan 


Thrombus 
Location 


Resp. Low 
Distress O2 Sat. 


Diagnostic 
Modality 


Pacing 
Wires 


Angiography RPA 

TEE [VC-RA/FA-PA 
TEE 

Angiography 

TEE 

TEE 

Surface echo 


Outcome 


Died 
Encephalopathy 
Died 

Died 

Organized 
Resolved 
Resolved 


CO = cardiac otc. rt; IVC = inferior vena cava; O2 Sat = oxygen saturation; PA = pulmonary artery; RA = right atrium; Resp. = resciratory; RPA = right pulmonary artery; TEE = 


transesophageal ed——ardiogram; + = present; 0 = absant. 


The “late” subgroup (patients 5,6 and 7 [Table I) 
presented 4 f 7 years (median 5) after the modified 
Fontan operccion. Patients who presented late after 
Fontan operc-ions were not in critical distress at the 
time of thro:wbus detection. One presented with tran- 
sient dysartazia and paralysis, the second with atrial 
flutter, and me third was asymptomatic. Thrombus 
was detectea =y surface echocardiography in I patient 
and by trans=xophageal echocardiography in the other 
2. All 3 patiexts were treated with warfarin with reso- 
lution or orz=nization of thrombi. 

Irrespect.e2 of time from operation to thrombus 
discovery, acd=itional factors were present in our study 
group that peared to place them at “risk” for 
thrombosis. =I! but 1 of our patients had at least 1 
risk factor, czd 5 of 7 had multiple risk factors. Fac- 
tors included: central venous lines, 4 of 7; low cardiac 
output stater. 3 of 7; hyproteinemia, 3 of 7; intracardi- 
ac pacing wi2s, 2 of 7; dysrhythmia, 2 of 7; atrial 
baffle narro-c.ng or obstruction, 1 of 7; and a throm- 
bolytic abnormality, 1 of 7. 

The formscion of thrombi in the systemic venous 
circulation is -known complication of the Fontan proce- 
dure.!-3 These may occur due to low-velocity flow states 
in the abeenc of a right-sided pump mechanism. Addi- 
tional risk factors for venous thrombi may be identified in 
patients who zave this postoperative complication. 

The clinica. presentation of the Fontan patient with 
systemic ven ze thrombi is diverse. Two subgroups of 





patients are apparent. Despite maximal medical and sur- 
gical management all patients who presented early had a 
poor outcome. Those who presented late have shown 
resolution of thrombosis using oral anticoagulation ther- 
apy. An attempt to further define clinical subgroups 
from published reports is hampered by small patient 
numbers, but similar cases of poor outcome in “early 
presenters” are found.! There does appear to be a high 
mortality associated with reoperation. 

Thrombus formation after the Fontan operation has 
been reported as rare; however, we report this complica- 
tion in 6 of 64 patients who have undergone variations of 
the Fontan procedure at our institution. The true preva- 
lence of thrombi in these patients may be higher than 
previously suspected as indicated by findings of transe- 
sophageal echocardiographic studies.4 Physicians man- 
aging patients after the Fontan procedure should main- 
tain a high level of concern regarding thrombus forma- 
tion, especially if additional risk factors are present. 


i. Shannon F, Campbell D, Clarke D. Right atrial thrombosis: rare complication 
of the modified Fontan. Pediatr Cardiol 1986;7:209-212. 

2. Dobeli A, Trusler G, Smalihorn J. Atrial thrombi after the Fontan operation. 
Annal Thorac Surg 1986;42:664~667. 

3. Stumper O, Sutherland G, Geuskans R, Roelandt J, Bos E, Hess J. Transe- 
sophageal echocardiography in evaluation and management after a Fontan proce- 
dure. J Am Coll Cardiol 1991;17:1152-1160. 

4, Fyfe DA, Kline CH, Sade RM, Gillette PC. Transesophageal echocardiogra- 
phy detects thrombus formation not identified by routine echocardiography after 
the Fontan operation. J Am Coll Cardiol 1991, in press. 
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Clinical Characteristics of Patients with Acute Pulmonary Embolism 
Paul D. Stein, MD, Herbert A. Saltzman, MD, and John G. Weg, MD 


(PE) and no prior cardiac or pulmonary disease 

who participated in the National Heart, Lung, 
and Blood Institute Prospective Investigation of Pulmo- 
nary Embolism Diagnosis (PIOPED) study, combina- 
tions of clinical characteristics were identified that were 
present in nearly all in whom the diagnosis of PE was 
made.'! We now assess these as well as additional com- 
binations of characteristics in the entire population of 
patients with acute PE who participated in PIOPED, 
irrespective of the presence of prior cardiopulmonary 
disease. 

The eligible population consisted of patients aged 
>18 years in whom acute PE was of diagnostic con- 
cern. Symptoms suggestive of PE were required with- 
in 24 hours of entry into the study. The PIOPED 
study consisted of 2 groups. In 1 group, patients who 
consented to participate in the investigation were obli- 
gated to undergo pulmonary angiography if their ven- 
tilation/perfusion scans were abnormal. There were 
251 patients with acute PE in this arm of the PIOPED 
study in whom the diagnosis was made by angiogra- 
phy.* There was a second group in the PIOPED study 
which was not described in the PIOPED report. This 
group included patients who by random sample were 
not selected for sensitivity and specificity analyses of 
their ventilation/perfusion scans, and who, therefore, 
were not obligated by protocol to undergo angiogra- 
phy if their ventilation/perfusion scans were abnor- 
mal. Also in this group were patients who refused 
mandatory angiography and, therefore, refused to 
participate in the first arm of the study. However, 
many of these patients underwent diagnostic angiog- 
raphy at the request of their attending physicians. 
There were 132 patients in this arm of the study who 
had PE diagnosed by angiography. The present inves- 
tigation reports the clinical characteristics of acute 
PE in the 383 patients with acute PE who were in 
either arm of the PIOPED study. Comparisons were 
made with 843 patients in whom suspected PE was 
excluded, either by angiography (677 patients) or fol- 
low-up and outcome classification (166 patients). 


A mong 117 patients with pulmonary embolism 


From Henry Ford Heart and Vascular Institute, 2799 W. Grand Boule- 
vard, Detroit, Michigan 48202; Duke University, Durham, North Car- 
olina; and the University of Michigan, Ann Arbor, Michigan. This 


“ study was supported by contracts NO1-HR-34007, NO1-HR-34008, 


and NO1-HR-34010 from the National Heart, Lung, and Blood Insti- 
tute, Bethesda, Maryland. Manuscript received June 10, 1991; revised 
manuscript received July 19, 1991, and accepted July 20. 


The method of outcome classification has been de- 
scribed. 

Chest radiographs were obtained within 24 hours 
of angiography in all patients. The partial pressure of 
oxygen in arterial blood (PaO 2), with the patient 
breathing room air, was measured within 24 hours 
before the diagnostic pulmonary angiogram in 280 
patients with and 624 patients without PE. Detailed 
methods have been reported.’ 

A chi-square with Yates’ correction was used to 
compare the prevalence and distribution of clinical 
features. Because of the large number of comparisons 
made in this analysis, p values tend to exaggerate the 
statistical significance of observed differences. Com- 
parisons of continuous variables were made with a 
Student’s t test. Data were analyzed at the Henry Ford 
Heart and Vascular Institute from a tape provided by 
the PIOPED Data and Coordinating Center. The pa- 
tients with acute PE were 58 + 17 years of age (mean 
+ standard deviation); 204 were men (53%). Patients 
in whom PE was excluded were 55 + 18 years of age; 
355 (42%) were men. Among the 383 patients with 
acute PE the most frequent symptoms were dyspnea 
in 299 (78%), pleuritic pain in 225 (59%) and cough in 
166 (43%). The most frequent signs of PE were tachy- 
pnea (respiratory rate 2.20 beats/min) in 278 (73%), 
rales in 210 (55%) and tachycardia (heart rate > 100 
beats/min) in 115 (30%). The frequency of symptoms 
and signs in 843 patients with no PE was not signifi- 
cantly different. The most frequent radiographic ab- 
normality was atelectasis or a pulmonary parenchy- 
mal abnormality, either or both of which were ob- 
served in 263 patients (69%) with and 483 (58%) 
without PE (p <0.001). A pleural effusion was pre- 
sent in 180 (47%) with and in 327 (39%) without PE 
(p <0.01). A pleural-based opacity was present in 132 
(34%) with and 223 (26%) without PE (p <0.01), An 
elevated diaphragm was present in 106 (28%) with 
and in 175 (21%) without PE (p <0.01). The PaO; 
while breathing room air was <80 mm Hg in 226 
of 280 (81%) with and 458 of 624 (73%) without PE 
(p <0.05). 

Combinations of signs, symptoms, radiographic fea- 
tures and PaO2 most frequently present in patients with 
PE are listed in Table I. These combinations of clinical 
characteristics occurred with nearly the same frequency 
(within 1%) among patients in whom PE was excluded. 

Combinations of signs and symptoms associated with 
PE in patients with no prior cardiopulmonary disease 
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TABLE I Comznations of Clinical Findings in Patients with 
Acute Pulmoréry Embolism 


No. of Pts. (%) 


347/383 (91) 
371/383 (97) 
373/383 (97) 
379/383 (99) 


Dyspnea or tact rpnea* 

Dyspnea, tachyxea or pleuritic pain 

Dyspnea, tach,onea, pleuritic pain or DVT 

Dyspnea, tachycmea, pleuritic pain, or x-ray at- 
electasis/ per2achymal 

Dyspnea, tachy=nea, pleuritic pain, DVT or x-ray 
atelectasis/2a-enchyma! 

Dyspnea, tachkyznea, pleuritic pain, DVT, x-ray 
atelectasis/aa-enchymal or Pa02 <80 mm Hg 


381/383 (99) 


280/280 (100) 


*Tachypnea = rpiratory rate > 20 beats/min. 
DVT = signs o dzep venous thrombosis; Patz = partial pressure of oxygen in 
arterial blood. 


were identifd among patients who participated in the 
Urokinase Pcimonary Embolism trial,? and this experi- 
ence was expanded upon in the PIOPED study through 
the identificetion of additional useful combinations.! Al- 
though such <>mbinations are not specific for PE, they 
are extremek sensitive in identifying the population in 
whom PE shculd be considered. In the present study we 
tested combixations of clinical characteristics among all 
patients with acute PE, irrespective of prior cardiopulmo- 
nary disease Several combinations were present in al- 





most all patients with acute PE. Dyspnea or tachypnea or 
pleuritic pain or radiographic evidence of atelectasis or a 
parenchymal abnormality occurred in 99% of patients. 
All patients with PE had dyspnea or tachypnea or pleu- 
ritic pain or deep venous thrombosis or atelectasis /paren- 
chymal abnormality or a PaO2 <80 mm Hg. These data 
indicate that among patients in whom PE was identified, 
only a small percentage did not have a number of impor- 
tant manifestations. These manifestations are not specif- 
ic for PE, and their presence does not necessarily warrant 
initiation of an investigation for PE. However, the recog- 
nition of these manifestations assists in identifying pa- 
tients in whom ventilation/perfusion scans or angiogra- 
phy, or both, may be necessary. 
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bolism Diagnosis (PIOPED). JAMA 1990;263:2753-2759. 
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Lympheproliferative Disorder Early After Cardiac Transplantation 
Debbie Rince-Hoffman, MD, Guillermo B. Cintron, MD, Jane E. Ferguson, RN. BSN, John C. Toole, MD, 


and Wiliam B. Bugni, MD 


nosuppr<ssive agents are used, which leave the host 

vulnerab.c to a variety of infections and malignan- 
cies. Among :ne malignancies, lymphoproliferative dis- 
orders are tke most common.! Most cases of posttrans- 
plant lympho=roliferative disorders have been described 
in patients wc have undergone several months of immu- 
nosuppressio~.23 This report describes our experience 
with patients who developed lymphoproliferative disor- 
der within 3 months of heart transplantation. 

Our pati=t population includes all patients who 
underwent cediac transplantation at the University 
of South Fle7da/Tampa General Hospital and at St. 
Joseph’s Hospital in Tampa, Florida. As of December 
1989, 79 pati2nts had undergone heart transplanta- 
tion at University of South Florida/Tampa General 
Hospital ana 13 at St. Joseph's Hospital. All patients 
received imr «nosuppressive therapy with cyclospor- 


I n cardige transplantation, extremely potent immu- 


From the Divis:cr. of Cardiology, Department of Internal Medicine, 
University of Sarti Florida College of Medicine, and the Heart Trans- 
plant Program, I=mpa General Hospital, Tampa, Florida. Manuscript 
received April 17 1991; revised manuscript received and accepted July 
15, 1991. 


ine, azathioprine and prednisone in doses adjusted to 
the overall clinical condition. In addition, during 
1989, “induction” or prophylactic immunosuppres- 
sive therapy with OKT3 was initiated within 48 hours 
of cardiac transplantation. OKT3 was administered 
by an intravenous infusion of 5 mg/day for 14 consec- 
utive days. 

We defined lymphoproliferative disorder as a his- 
tologically documented disorder characterized by un- 
controlled monoclonal or polyclonal proliferation of 
B lymphocytes within, or separate from, lymph nodes. 
Clinical data were obtained from individual medical 
records. 

Table I outlines the salient features in our patients 
with lymphoproliferative disorder. All patients re- 
ceived OKT3, 3 as part of a prophylactic “induction” 
protocol and 2 as rescue therapy for acute early cardi- 
ac rejection unresponsive to high-dose intravenous 
corticosteroid therapy. The initial clinical presenta- 
tion included fever, lymphadenopathy and abnormal 
liver function tests. In 3 patients the clinical course 
was one of rapid irreversible multisystem failure and 
at autopsy all 3 patients with active lymphoprolifera- 
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TABLE I Clinical Features of Five Patients with Lymphoproliferative Disorder Early After Transplantation 


Age (yr) 
& Sex 


Total 
OKT3 Interval Abnormal 


Dose (mg) {wks} Fever LFT PTL Type 


Polyclonal 


Polyclonal 
Polyclonal 


Organ Involved 


LN, LVR, PCRD, kidney, adrenal 

LN, LVR, SP 

LN, heart 

LN, LVR, SP, PCRD, colon, adrenal, bone marrow 
LN, LVR, SP, PCRD, pleura, kidney, urinary bladder 


i = prophylactic “induction” therapy; Interval = time in weeks from heart transplant to onset of lymphoma; LFT = liver function test; LN = lymph node; LVR = liver; PORD = 
pericardium; PTL = post-transplant lymphoproliferative disorder; R = rescue therapy; SP = spleen; O = absent; + = present. 


tive disorder had diffuse multiorgan involvement. 
Patient 2 died of acute severe graft rejection and 
the lymphoproliferative disorder was an unsuspected 
finding. Patient 3, who had his immunosuppressive 
therapy decreased, died of coronary vasculopathy 
without evidence of active lymphoproliferative dis- 
order. 

The reported incidence of lymphoproliferative disor- 
der in transplant patients is approximately 2%.! The 
higher reported incidence of lymphoproliferative disorder 
in heart transplant patients has been attributed to the 
high level of immunosuppression to which these patients 
are subjected.* In our patient population, the incidence of 
lymphoproliferative disorder is approximately 5.5%. 

Post-transplant lymphoproliferative disorders have 
been associated with Epstein-Barr virus infection.*>® In 
the nonimmunosuppressed host, Epstein-Barr virus stim- 
ulates B-cell proliferation which is usually kept in check 
by immune regulatory mechanisms, specifically the cyto- 
toxic T lymphocytes. It is proposed that in transplant 
patients, immunosuppression allows for the uncontrolled 
proliferation of B lymphocytes.! Not all transplant pa- 
tients who are infected with Epstein-Barr virus develop 
lymphoproliferative disorder. Some investigators have 
suggested that primary Epstein-Barr virus infection, re- 
activation of Epstein-Barr virus during profound immu- 
nosuppression and possibly high antigenic stimulation 
from the graft may be factors contributing to the devel- 
opment of lymphoproliferative disorder.'+° 

OKT3, a monoclonal antibody that binds to the CD3 
antigen present on T cells, causes paralysis of the T cells 
and inhibits cytotoxic T-cell function. Although useful in 
reversing acute cellular rejection, OKT3 may be a factor 
contributing to the development of lymphoproliferative 





disorder. A similar experience to ours has been reported 
by the cardiac transplant group at Loyola University.® In 
both series, patients with early lymphoproliferative disor- 
der presented with fever and fulminant multiorgan in- 
volvement, which appeared to be related to the use of 
OKT3. The relation with OKT3 may have geographical 
variability because, in other transplant programs, the use 
of OKT3 does not seem to predispose patients to lympho- 
proliferative disorder (O’Connell JB, personal communi- 
cation). 

Early lymphoproliferative disorder presents as a fe- 
brile, disseminated multisystem disease that can be rap- 
idly fatal. There appears to be a relation between the use 
of OKT3 and the appearance of early lymphoprolifera- 
tive disorder. The risks and benefits of early aggressive 
antithymocyte therapy should be carefully assessed. 


1. Nalesnik MA, Makowaka L, Starzl TE. The diagnosis and treatment of 
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365-472. 
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immunodeficiency, and B cell lymphoproliferation. Transplantation 1985;39: 
461-471. 

3. Penn I, First MR. Development and incidence of cancer following cyclosporine 
therapy. Transplant Proc 1986;18:210-213. 

4. Brumbaugh J, Baldwin JC, Stinson EB, Oyer PE, Jamieson SW, Biber CP, 
Henle W, Shumway NE. Quantitative analysis of immunosuppression in cyclo- 
sporine-treated heart transplant patients with lymphoma. Heart Transplant 
1985;4:307-311. 

5. Ho M, Miller G, Atchison RW, Breining MK, Dummer S, Andiman W, Starzi 
TE, Eastman E, Griffith BP, Hardesty RL, Bahnson HT, Hakala TR, Rosenthal 
JT. Epstein-Barr virus infections and DNA hybridization studies in post trans- 
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liferative disorder after immunosuppression with the monoclonal antibody OKT3 
in cardiac transplant recipients. N Eng! J Med 1990;323:1723-1728. 
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CASE REPORT 


Appearance of or Persistence of Severe 
Mitral Regurgitation Without Left 
Ventricular Outflow Obstruction After 
Partial Ventricular Septal Myotomy- 
Miyectomy in Hypertrophic Cardiomyopathy 
Charles Stewert Roberts, MD, S. David Gertz, MD, 


Heinrich G. Kees, MD, Richard O. Cannon Ill, MD, 
Barry J. Mar, MD, Charles L. Mcintosh, MD, and 


William Clifford Roberts, MD 


t the Rational Heart, Lung, 

and lood: Institute from 

195% through October 
1989, 626 patents underwent opera- 
tive treatment of obstructive hyper- 
trophic cardionyopathy: ventricular 
septal myotcary-partial myectomy 
alone in 539 patients; mitral valve 
replacement aone in 68 patients; 
and both procedures, not necessari- 
ly simultanex:sly, in 27 patients. 
The septal myatomy-myectomy pro- 
cedure in mest patients provided 
clinical impr=vement, but in some 
patients the rssults of this procedure 
have been unsazisfactory and reoper- 
ation has bees Derformed.! In the 27 
patients who uaderwent reoperation 
after septal myotomy-myectomy, 
the indication as persistent left ven- 


tricular outflow tract. All 3 pa- 
tients also had mitral regurgita- 
tion before the myotomy-myec- 
tomy operation performed through 
an aortotomy. Mitral regurgita- 
tion in patient I was only mild be- 
fore the myotomy-myectomy oper- 
ation but severe afterwards; in pa- 
tient 2, mitral regurgitation was 
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severe both before and after the 
initial operation (Figure 1), and in 
patient 3 it was of moderate degree 
before myotomy-myectomy and 
severe afterwards. All 3 patients 
had complete relief of left ventric- 
ular outflow obstruction by the 
myotomy-myectomy operation, 
nevertheless, severe symptoms of 
cardiac dysfunction persisted. At 
reoperation, ruptured mitral chor- 
dae tendineae were found in pa- 
tients I and 2 and severe posterior 
mitral leaflet systolic anterior mo- 
tion in patient 3. In none of the 3 
patients was the mitral anulus di- 
lated. The operatively excised mi- 
tral valves are shown in Figure 2. 
After mitral replacement, symp- 
toms of cardiac dysfunction less- 
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tricular outen obstruction in 24 pa- 
tients? and puse mitral regurgitation, 
without outflax obstruction, in 3 pa- Seen 
tients. This report describes certain EU o w tee te 
clinical and r-orphologic features in "> ee 
the latter 3 pacients. 

Certain ainical and operative SS= =e 
findings in taz 3 patients are sum- "E, 
marized in bie I. All 3 patients E e | 
had peak systolic pressure gradi- 
ents at rest œ with provocation be- 
tween left ventricle and systemic 
artery >50 ram Hg before the my- 
otomy-myectcmy operation, and I 
patient (no. 2) had a large (61 mm 
Hg) gradient across the right ven- 
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FIGURE 1. M-mode echocardiograms from patient 2 (CW). A, preoperative. Sys- 
tolic anterior motion (SAM) of the mitral valve with mitral valve—septal contact. B 
and C, 6 and 25 months after septal myotomy-myectomy operation. SAM is now 
absent and the ventricular septum is thinner. D, postoperative. Continuous-wave 
Doppler tracing obtained from left ventricular apex showing mitral regurgitation 
(MR). RV = right ventricle. 
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thesda, Marylarc. Manuscript received July 
9, 1991; revised reanuscript received and ac- 
cepted August 1% 1991. 
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TABLE I Observations in Three Patients with Hypertrophic Cardiomyopathy Who Had Ventricular Myotomy—Myectomy for Left and/or Right Ventricular Outflow Obstruction Followed Later by 
Mitral Valve Replacement for Pure Mitral Regurgitation 





Age (years) 
Functional class (I—IV) (NYHA) 
Atrial fibrillation 
Echocardiographic findings 
Systolic anterior motion 
Right ventricular cavity (mm) 
Left atrial cavity (mm) 
Left ventricular cavity (mm) (s/d) 
Ascending aorta (mm) 
Ventricular septum (mm) 
Left ventricular free wail (mm) 
Intravascular pressures (mm Hg) 
Pulmonary artery wedge, V (m) 
Right ventricle (s/d) 
Pulmonary artery ($/d) 
Left ventricle (s/d) 
Aorta (s/d) 
LV—aorta peak systolic gradient 
Rest 
Provocation 
Cardiac index (liters/min/m2) 
Mitral regurgitation (0.4+), LV cine 
Interval (mo) M&M to MVR 
Interval (mo) MVR to March 1990 
Date of M&M (month—year) 
Date of MVR (month—year) 
Type (size [mm]) substitute valve 
Operative findings 
Weight VS excised (g) 
Ruptured mitral CT 
Pralapsed PML 
Thickened AML + CT 


Before 
M&M 


91 
2:9 
1+ 


11-1975 
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Patient 1 (MS) 


Six Months 


After 


14 (11) 
`26/6 
26/10 
110/28 
120/60 


Shortly 
Before 


50/38 
32 
10 
14 


26 (18) 
33/7 

33/12 
93/22 
93/57 


0 
0 
1.7 
A+ 


7-1986 
B-S (27) 


Six Months 


After 
MVR 


50/40 
32 
10 
14 


10 (7) 
26/9 
26/4 
95/6 
100/58 


Patient 2 (CW) 
Six Months Shortly Six Months 
Before After Before After 
M&M MVR MVR 
22 22 24 25 
3 2 3 2 
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46 55 55 60 
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26 28 29 — 
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18 18 18 — 
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6--1986 ~ = ~ 
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— — SJM (31) e 
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Six Months Shortly Six Months 
Before After Before After 
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+ 0 d — 
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38/24 42/32 42/30 44/32 
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25 (18) — 30 (24) 32 (21) 
48/4 — 65/12 67/18 
48/20 - 65/30 67/25 
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54 ~ 0 0 
96 — — 0 
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KL OF $ > 
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— wg 2-1982 ~ 
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Patient 3 (AM) 


*immediately before provocation, peak systolic gradient at rest was 50 mm Hg. Note that this patient had a 61 mm Hg systolic pressure gradient at rest between right ventricle and a major pulmonary artery. 
tIncludes myocardium from both right and left ventricular outflow tracts. 
tThis patient died suddenly 97 months after mitral valve replacement. A necropsy was not performed. 


AML = anterior mitral leaflet; B-S = Bjork-Shiley prosthesis; cine = cineangiography; CT = chordae tendineae; LV = left ventricular; M&M = myotomy and myectomy (partial); MVR = mitral valve replacement; NY 
PML = posterior mitral leaflet; s/d = paak systolic/and diastolic; SJM = St. Jude Medical prosthesis; V ~ peak V wave; VS — ventricular seplutn; — = no Information avallable or not done. 





HA = New York Heart Association classification; 
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FIGURE 2. Opuratively excised mitral valves from each of the 3 patients. Upper, 





patient 1 (MS) showing ruptured chordae tendineae from the anterior half of the 
anterior (A) m-tral leafiet. A portion of the posterior leaffet is elongated. Middle, 
patient 2 (CN Chordae from the anterior (A) half of the anterior leaflet also are 
absent (ruptural). Bottom, patient 3 (AM). No chordae are ruptured or missing 
but a portion cf posterior leaflet is elongated. The bottom photograph is repro- 
duced with permission from the American Heart Association, from Maron BJ, 
Harding AM, Sairito P, Roberts WC, and Waller BF. Systolic anterior motion of 
the posterior ritral leaflets: a previously unrecognized cause of dynamic subaortic 
obstruction in patients with hypertrophic cardiomyopathy. Circulation 


1983;€8:282-—293. 


ened by 1 New York Heart Associ- 
ation functic-tal class in patients I 
and 2 and b} 2 functional classes in 
patient 3 lat2 postoperatively. 
Almost ev2ry patient who under- 
goes ventric_lar septal myotomy- 
myectomy fir left ventricular out- 
flow obstruc-con has some degree of 


mitral regurgitation preoperatively. 
This operative procedure usually re- 
duces the degree of mitral regurgi- 
tation, and it also usually relieves 
left ventricular outflow obstruction.3 
Reoperation is seldom necessary in 
obstructive hypertrophic cardiomy- 
opathy and when it is performed, the 
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indication is usually persistent left 
ventricular outflow obstruction. 
Rare is the postoperative patient who 
has pure mitral regurgitation pro- 
ducing significant symptoms without 
any associated left ventricular out- 
flow obstruction. Such was the case, 
however, in our 3 patients. 

The causes of the worsening or 
persistence of pure mitral regurgita- 
tion in patients 1 and 2 appear to 
have been inadvertent severance of 
several mitral chordae tendineae at 
the time of the myotomy-myectomy 
operation. This technical complica- 
tion was unrecognized at operation. 
Retrospective review of the intraop- 
erative echocardiogram before and 
after the septal myectomy, however, 
clearly indicates that several chordae 
tendineae were severed. Patient 3 
was known to have systolic anterior 
motion of a portion of posterior mi- 
tral leaflet before myotomy-myec- 
tomy and this systolic anterior mo- 
tion persisted after the initial opera- 
tion. Why the mitral regurgitation 
worsened, however, after relief of left 
ventricular outflow obstruction was 
not discernible from study of the op- 
eratively excised mitral valve. 

This study indicates that damage 
may occur to the mitral valve at the 
time of ventricular septectomy-sep- 
totomy in obstructive hypertrophic 
cardiomyopathy, and that this dam- 
age may cause worsening of or per- 
sistence of mitral regurgitation post- 
operatively. 


1. McIntosh CL, Maron BJ. Current operative treat- 
ment of obstructive hypertrophic cardiomyopathy. 
Circulation 1988;78:487-~-495. 

2. Roberts CS, McIntosh CL, Brown PS Jr, Cannon 
RO III, Gertz SD, Clark RE, Reoperation for persis- 
tent outflow obstruction in hypertrophic cardiomyop- 
athy. Ann Thorac Surg 1991;51:455-460. 

3. Cooper MM, Tucker E, McIntosh CL, Cannon 
RO IM, Clark RE. Effect of left ventricular septal 
myectomy on concurrent mitral regurgitation. Ann 
Thorac Surg 1989;48:251-256, 
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FROM THE EDITOR 





Alkaline Paper and Preserving the Record 


of our major medical journals including The 

New England Journal of Medicine, The Jour- 
nal of the American Medical Association, Circula- 
tion, The American Heart Journal, and The American 
Journal of Cardiology is acidic, and, therefore, these 
pagés will crumble and blow away as dust within 50 
years.!~4 * In contrast, if these journals had been pub- 
lished on acid-free (alkaline) paper, the articles would be 
preserved for 500 years, maybe longer, depending on 
how they were stored. So why do these journals which 
record our scientific record use the non-permanent 
paper? 

Magnitude of the problem: Nearly 80 million books 
in North American research libraries and an estimated 
1,000 million books in libraries worldwide are threatened 
with destruction because they were printed on acidic 
paper.'~4 In most university libraries in the USA about 
30% of the volumes are brittle such that just 1 reading or 
1 xerographing or | microfilming of the pages causes 
them to shatter irreparably. At the New York Public 
Library over 35 of 88 miles of bookshelves contain over 
2.5 million dying books.*+> An estimated 25% of the 24 
million books in the Library of Congress are not circulat- 
ed because the pages crack when folded, and every year 
77,000 more books in the collection become equally brit- 
tle.4 It is estimated that 97% of the volumes in the federal 
government’s premier library—which not only houses 
the largest collection of our English language heritage 
but also that of Latin America and the Arab world—will 
eventually disintegrate. The collection of the National 
Library of Medicine, the world’s largest research library 
in a single scientific and professional field, contains 4.5 
million items—books, journals, technical reports, manu- 
scripts, microfilms and pictorial materials—and about 
158,000 (12%) print volumes are brittle.234° It is esti- 
mated that 92% of the post-1800 holdings of the library 
were printed on acidic paper. Seventy percent of books 
and journals printed in the twentieth century will be 
unusable by the year 2000.4 

Origin of the acid in the paper: The oldest materials 
in libraries and archives are not the most endangered 
ones because acid was not introduced into the paper- 
making process until about 1850. Before that time linen 
and cotton rags were beaten by hand in water and the 
separated fibers collected on wire frame molds to make 


T he paper used for articles published in many 


*The Annals of Internal Medicine switched to alkaline paper on 
November 1, 1991. The printer of the journal switched from acid to 
alkaline paper at no additional charge to the journal. 


individual sheets of paper which 
were virtually devoid of acid.” 
With the coming of the industrial 
revolution and the increase in liter- 
acy in the mid-nineteenth century, 
the demand for paper skyrocket- 
ed. The result was that the hand- 
processed rag stock was largely 
abandoned in favor of wood pulp 
churned out by newly perfected 
machines. The wood pulp was of 2 $ 
types. Mechanical wood pulp is that EEE by geen 
ing up logs or shredding and grinding wood chips.* This 
type of pulp contains lignin, which is the primary non- 
cellulosic component in trees, and it causes paper to 
darken upon exposure to light and to degrade relatively 
quickly by oxidation and hydrolysis. (Newsprint has a 
high lignin content.) Because mechanical wood pulp con- 
tains lignin and other impurities, paper containing it has 
a relatively short lifespan. Chemical wood pulp is pulp 
produced by cooking wood chips in chemicals (to remove 
impurities L7 Depending on what chemicals are added in 
subsequent processing, the resulting paper can be either 
acidic and have a relatively short shelf life, or alkaline 
and have a long shelf life. Unfortunately, until recent 
years, the most common chemical added was aluminum 
sulfate, an acid salt. Not until the late 1930s was it 
discovered that it was the acid, primarily sulfuric acid 
derived from the aluminum sulfate or alum, in the paper 
that caused it to be unstable and to degenerate. Already 
by 1910, however, it was learned that papers containing 
alkaline fillers, calcium carbonate for example, were 
quite stable and therefore permanent. 

Preservation of the deteriorating acidic publica- 
tions: Preservation of the present print heritage is the 
major problem facing most libraries today.!~3 During the 
next 10 years The National Library of Medicine is ex- 
pected to invest the equivalent of one third of its acquisi- 
tion budget to “clean up” the backlog of embrittled ma- 
terial. Microfilming of the brittle books, which costs 
about $70 a volume, is about the only currently available 
recourse but this process does not save the book. Current- 
ly, The National Library of Medicine is microfilming 
20,000 to 25,000 volumes a year as part of its preserva- 
tion program. Another preservation technique, which 
also treats one book at a time, consists of placing the book 
in a water-based solution, but this technique requires 
removal of the book’s binding and is even more expensive 
than microfilming. In yet another process, which takes 
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hours, each page is sprayed by hand with a base that 
neutralizes thz acid. Several companies are trying to 
develop affordable techniques that rely on either a liquid 
or a vapor to —eat hundreds of books at a time.*?:!9 The 
books are immersed in a bath of magnesium butoxytrig- 
lycolate or some like substance, then drained, rinsed with 
a solvent, and dried again. The process theoretically neu- 
tralizes the acid and then the paper is treated with a 
buffering agert that bonds broken fibers and, therefore, 
strengthens th= brittle pages. Books may be impregnated 
in a large chamber using gases such as diethyl zinc or 
ethylene oxidz as deacidifying agents. So far, the Library 
of Congress has not been convinced that these “dry 
cleaning” processes for books are reliable or effective. 
Electronic dccument storage and retrieval using digital 
optical discs 35 the storage medium is being developed, 
but thus far this method of preserving the record is not 
ideal. Most scs have a lifetime of about 10 years, 
shorter than that of acid paper!!! 

Preventior of deterioration of future print publica- 
tions: The prevention of future paper embrittlement is 
actually easy The answer is simply to use acid-free (al- 
kaline) paper "or all future publications.!~‘ In actuality, 
tremendous progress is being made rapidly toward that 
goal. In January 1987 the first meeting took place of The 
National Library of Medicine’s Permanent Paper Task 
Force consist.ag of 34 members representing publishers, 
paper manuf<cturers, printers, editors, writers, and li- 
brarians. I w= pleased to be the only physician on that 
task force. In January 1987 only 4% of the 3,050 titles of 
Index Medie 4s were published on acid-free paper. By 
October 1991 the time of the most recent meeting of the 
Permanent P=per Task Force, 48% of the titles of Index 
Medicus were known to be published on acid-free paper! 
In 1987 acid-free paper was in short supply and 2 manu- 
facturers had a virtual monopoly on it in North America. 
Now, an estirated 35 paper manufacturers provide acid- 
free paper, seh that today it is probably easier to pur- 
chase acid-fre2 paper than acid paper. It is estimated that 
slightly over =0% of the paper produced for US print is 
now on alkal me paper. The expense of lost production is 
the biggest ccst in conversion from acid to acid-free paper 
making. Conversion can vary from days to weeks among 
paper producss. Once the conversion is made it is cheap- 
er to produce “he alkaline paper than the acid paper. The 
reason is because calcium carbonate is cheap and larger 
quantities of inis type of filler can be used than the more 
expensive filEr used in acid paper. The alkaline paper- 
making process also requires considerably less water than 
does the process for acidic paper, and therefore the 
amount and reed for treatment of discharge from mills 
into streams and rivers is drastically reduced. Alkaline 
paper mak also is cleaner and less corrosive to ma- 
chinery than ecid-based paper making. Alkaline paper is 
an important nnarketing tool for both paper manufactur- 


ers and publishers. Alkaline paper is smoother and stron- 
ger than acidic paper, and type printed on it is usually 
sharper and easier to read than type on acidic paper. And 
shattering a commonly held belief, acid-free paper is 
price comparable in quality weights and grades to acidic 
paper. 

Another factor pushing conversion toward alkaline 
paper is the increased sensitivity or awareness of the 
problem by paper producers, publishers, and authors. 
About 3 years ago I was asked to serve as a consultant to 
a new publishing company of medical books. I mentioned 
to the publishe- that I would be glad to serve as a consul- 
tant but only £ the books were to be published on acid- 
free paper. He asked “what was acid-free paper?” and- 
what were its advantages over other paper? I was sur- 
prised to learn that he had never heard of acid-free paper. 
Four years agc I was talking to a publishing executive of 
the only USA cardiology journal published on acid-free 
paper. He had become aware only a month or so earlier 
that his journal was published on alkaline paper. It so 
happened that all journals published by that particular 
publisher used acid-free paper. 

Authors are becoming progressively more sensitive to 
the problem. In March 1989 nearly 100 distinguished 
authors and major publishing figures gathered at the 
New York Public Library to pledge their commitment to 
the preservation of the printed word.!? They signed a 
landmark declaration of book preservation calling for the 
use of acid-free paper for all first printings of quality 
hard-cover trade books. The declaration was signed at a 
special program entitled “Commitment Day” which was 
spearheaded by author and library trustee Barbara Gold- 
smith who has been galvanizing the literary community 
for this national preservation effort. 

A major impetus toward conversion to acid-free pa- 
per has come from the federal government of the USA. 
In October 1990 the 101st Congress passed Public Law 
101-423, which requires “the use of acid free permanent 
papers for publications of enduring value produced by 
the Government Printing Office or produced by Federal 
grant or contract... .”4 This law has had a rapid impact 
on paper producers in North America because of the 
enormity of the USA’s governmental printer. The Gov- 
ernment Printing Office publishes 60,000 titles a year, a 
total valued at 1 billion dollars. The government’s printer 
uses 500,000 tons of paper annually, an amount equiva- 
lent to 2.2% of all printed paper in the USA. In 1991, 
77% of the paper used by the Government Printing Of- 
fice will be alkaline and by 1996, 100% of the paper it 
uses will be alkaline. A good portion of this paper is of the 
recycled type and recycled and new alkaline paper is 
indistinguishable. 

One item in Public Law 101-423 was the following’: 
“The Congress of the United States urgently recom- 
mends that American publishers and state and local 
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governments use acid-free permanent papers for publica- 
tions of enduring value. . .” Since passage of the federal 
law at least 21 states in the USA have passed similar laws 
or resolutions in their state houses, a move further push- 
ing paper manufacturers in the USA to rapidly move 
from producing acid paper to alkaline paper. It is expect- 
ed that most of the remaining states will pass similar laws 
or resolutions in the next few years. 

Another item in Public Law 101-423 was the follow- 
ingt: “The Congress of the United States urgently rec- 
ommends that the Secretary of State, Librarian of Con- 
gress, Archivist of the United States and other officials 
make known the national policy regarding acid free per- 
manent papers to foreign governments and appropriate 
international agencies since the acid paper problem is 
worldwide and essential foreign materials being imported 
by our libraries are printed on acid paper.” Europe began 
the move toward using alkaline paper about 20 years ago 
and thus is far ahead of the USA in publishing on alka- 
line paper. Virtually all paper produced in the 5 Scandi- 
navian countries is now alkaline. Several other European 
countries as well as Canada and Australia are developing 
permanent paper standards. 

Identifying publications using permanent paper: It 
is important that the use of permanent paper for a publi- 
cation be identified by a notice on the verso of the title 
page of a book or in the masthead or copyright area of a 
periodical.* Such identification attests to the concern of 
the publisher and the author(s) for the preservation of the 
material published. Without it, libraries would have to 
test each publication and may in the future inadvertently 
apply time-consuming and expensive preservation treat- 
ments to publications that do not need them. The Na- 
tional Information Standards Organization (NISO) was 
selected by the American National Standards Institute 
(ANSI) and it approved and published in 1984 perma- 
nent paper standards for non-coated paper. The stan- 
dards included (1) a minimum pH of 7.5; (2) tear resis- 
tance; (3) fold endurance; (4) minimum alkaline reserve 
equivalent to 2% calcium carbonate. and (5) absence of 
groundwood pulp. The infinity symbol within a circle was 
chosen to indicate that paper in the publication meets all 
5 requirements of the permanent paper standard (Figure 
1). For publications on coated paper and on uncoated 
paper that have not been demonstrated to meet all 5 
requirements of the standard, but are known to be at 
least acid-free and free of groundwood, the phrase 
“Printed on acid-free paper” would appear in the publi- 
cations. The permanent paper standard of 1984 (NI- 
SO/ANSI Z39.48) is now being revised and the revised 
standard, which is scheduled to appear in 1992, is being 
- expanded to apply to both coated and uncoated papers. 

Electronic publishing versus print publishing: 
There is a view that publishing in the foreseeable future 
will be by electronic means rather than by print means, 








FIGURE 1. The infinity symbol within a circle should appear in 
all publications using alkaline paper and fulfilling 4 other crite- 
ria (see text). 


and, therefore, it will not be necessary to preserve our 
previous print record or to prevent deterioration of our 
future print publications. Although electronics someday 
may be dominant, most experts today believe that paper 
publishing will remain the dominant type for many de- 
cades to come. The reasons are many. Paper publications 
are easy to read; they are highly portable; they are very 
comfortable to read; they are well accepted legally, and 
socially; they are durable (if published on alkaline pa- 
per); they can be published in a wide range of sizes, and 
they can accept advertising. In contrast, it is difficult to 
read to a grandchild from a screen. The electronic equip- 
ment is expensive. Advertising is difficult by electronic 
means, Databases are costly. There are legal problems in 
protecting the copyright because electronic publications 
are easy to copy. The quality of most electronic displays is 
not nearly as good as that of print publications. The user 
of electronic publications must be well trained in the use 
of the electronic equipment which rapidly becomes obso- 
lete. So many people now use computers at work that it is 
nice to pick up a print publication when getting home. 
Thus, it is unlikely that electronic publishing will replace 
print publishing for years to come. Indeed, print publish- 
ing is increasing rather than the reverse. In 1990, an 
average of 320 pounds (145 kg) of printing and writing 
paper was used by each citizen in the USA, an increase 
from 308 pounds (140 kg) used in 1989, up again from 
the 294 (134 kg) pounds used in 1988.6 At least 95% of 
all organizational records are estimated to reside on pa- 
per P 

Summary: The most productive period of human 
beings on planet earth has been the last 140 years (since 
1850), and most publications during that period have 
been on acid paper and therefore they have or soon will 
vanish into dust. The next 140 years surely will be an 
even more productive period for humankind, and that 
record of accomplishment must be prevented from slowly 
burning into ashes. It is easy to prevent such an outcome. 
Simply printing our records on alkaline paper will allow 
our writings to remain permanently for future genera- 
tions. A good quantity of toilet paper and paper towels 
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now consists ef acid-free paper. Surely if some of our 
toilet paper can be alkaline, most of our medical publica- 
tions, includiaz all our peer-reviewed journals, can use a 
paper of at least similar quality. 


Ban E 


William Clifford Roberts, MD 
Editor in Chief 
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Efficacy and safety of intravenous and oral 
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Cardiac function 
Acute effects of intravenous nicardipine on 
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patients with a healed myocardial infarction 
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Evolution of heart rate responsiveness after 
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recommendations, and implications of 
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Plasma endothelin-1 levels in idiopathic dilated 
cardiomyopathy; 1114 


Prognostic features of children with idiopathic 
dilated cardiomyopathy; 1372 


Usefulness of echocardiography to differentiate 
dilated cardiomyopathy from coronary-induced 
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Effects of serum lipid levels on restenosis after 
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1436 


Circadian variation 
Circadian variation and influence of risk factors 
on heart rate variability in healthy subjects; 
777 


Diurnal variations of neurocardiac rhythms in 
acute mycocardial infarction; 155 


Effect of propranolol (long-acting) on the 
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Congenital heart disease 
Determinants of outcome in hospitalized infants 
with congenital heart disease; 1055 


Doppler assessment of pulmonary artery flow 
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Echocardiographic documentation of splenic 
anatomy in complex congenital heart disease; 
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Acute effects of intravenous nicardipine on 
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and retransplantation and implications for 
using donor hearts; 408 


Difference in mortality between patients treated 
with captopril or enalapril in the xamoterol in 
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Ventricular Dysfunction [SOLVD]); 1465 
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Reproducibility and relation to mean heart rate of 
heart rate variability in normal subjects and in 
patients with congestive heart failure 
secondary to coronary artery disease; 1668 
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Coronary artery disease 
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Comparative efficacy and safety of bepridil and 
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Comparison of exercise radionuclide angiography 
with thallium SPECT imaging for detection of 
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Effects of low-dose aspirin on restenosis after 
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Effects of serum lipid levels on restenosis after 
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Enhanced effectiveness of combined sustained- 
release forms of isosorbide dinitrate and 
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Evaluation of dipyridamole-Doppler 
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coronary artery disease; 868 


Evolution of myocardial ischemia and left 
ventricular function in patients with angina 
pectoris without myocardial infarction and 
total occlusion of the left anterior descending 
coronary artery and collaterals from other 
coronary arteries; 7 


identification of “surgical” coronary anatomy by 
exercise radionuclide cineangiography; 1150 
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and coronary artery abnormalities; 796 ` 

Left ventricular shape as a determinant of 
functional mitral regurgitation in patients with 
severe heart failure secondary to either 
coronary artery disease or idiopathic dilated 
cardiomyopathy; 355 
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fistulas in adits; 263 

Use of Valsalva maneuver to unmask left 
ventricular d&stolic function abnormalities by 
Doppler echocardiography in patients with 
coronary arta disease or systemic 
hypertension 315 
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Use of a morphologic classification to predict 
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exercise testing in patients with diabetes 
mellitus: a report from the Coronary Artery 
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Coronary hemodynamics and coronary flow 
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humans; 1633 
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Outcome of patients who were admitted to a new 
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Coronary sinus 
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Coronary spasm 
Increased plasma level of endothelin-1-like 
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Cost analysis 
Comparative cost-effectiveness analysis of 
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Cost-effectiveness 
Outcome of patients who were admitted to a new 
short-stay unit to “‘rule-out"’ myocardial 
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function in human immunodeficiency virus 
infection; 1216 


Periodicity of global ventricular activation of 
sinus beats in patients with coronary artery 
disease and sustained ventricular tachycard a; 
901 


Quantitative analysis of signal-averaged P waves 
in idiopathic paroxysmal atrial fibrillation, 751 


significance of signal-averaged P-wave changes 
during exercise in patients with coronary 
artery disease and correlation with 
angiographic findings; 1619 


Simvasiatin 
Long-term safety and efficacy profile of 
simvastatin; 1127 


Sinus of Valsalva 
Prospective identification by two-dimensional 
echocardiography of anomalous origin of ths 
left main coronary artery from the right sinus 
of Valsalva; 140 


Rupture of congenital sinus of Valsalva aneun sm 
in a newborn; 1255 


Sinus rhythm 
Effects of increased heart rate and sympathetic 
tone on intraventricular electrogram 
morphology; 1321 


Evidence suggesting time-dependent recovery of 
excitability in the in vivo human sinus nede; 
798 


Prediction of uneventful cardioversion and 
maintenance of sinus rhythm from direci- 
current electrical cardioversion of chronic 
atrial fibrillation and flutter; 41 


Serial antiarrhythmic drug treatment to maintain 
sinus rhythm after electrical cardioversion for 
chronic atrial fibrillation or atrial flutter; 335 


Sleep problems 
Waking up exhausted as risk indicator of 
myocardial infarction; 395 


Smoking 
Usefulness of physical exercise for maintaining 
smoking cessation in women; 406 


Sodium 
Effects of hydrochlorothiazide, diltiazem and 
enalapril on mononuclear cell sodium and 
magnesium levels in systemic hypertensior: 
1357 


Sotalol 
Effectiveness of sotalol in preventing 
supraventricular tachyarrhythmias shortly after 
coronary artery bypass grafting; 1163 


Efficacy and safety of intravenous sotalol for 
termination of paroxysmal supraventricular 
tachycardia; 35 

Efficacy and safety of sotalol in digitalized 
patients with chronic atrial fibrillation; 1227 

Reverse use-dependent effects of sotalol 
demonstrated by recording monophasic action 
potentials of the right ventricle; 1183 


4760 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 





Spasm 
Effects of luminal eccentricity on spontaneous 
coronary vasoconstriction after successful 
percutaneous transluminal coronary 
angioplasty; 530 
Spasm and arterial injury; 525 


Spectral analysis 
A new noninvasive method for estimation of 
pulmonary arterial pressure in mitral stencsis; 
398 


Diurnal variations of neurocardiac rhythms in 
acute mycocardial infarction; 155 


Stability over time of variables measuring heart 
rate variability in normal subjects; 626 


Spleen 
Echocardiographic documentation of splenic 
anatomy in complex congenital heart disease; 
1536 


ST segment 
Effect of digoxin on ST-segment changes 
detected by ambulatory electrocardiographic 
moritoring in healthy subjects; 1503 


Non-Q- and Q-wave infarction after thrombolytic 
therapy with intravenous streptokinase for 
chest pain and anterior ST-segment elevation; 
446 


Prevalence and significance of ST-segment 
alternans during coronary angioplasty; 1534 


Time course and interrelation of reperfusion- 
induced ST changes and ventricular 
arrhythmias in acute myocardial infarction; 
1138 


Stenosis 

Clinical and anatomic observations in patients 
having mitral valve replacement for mitral 
stenosis and simultaneous tricuspid valve 
replacement; 1367 

Comparative quantitative angiographic analysis 
of directional coronary atherectomy and 
balloon coronary angioplasty; 1556 


Doppler echocardiographic estimation of mitral 
valve area during changing hemodynamic Ee 
conditions; 1485 


Effectiveness of balloon percutaneous 
valvuloplasty for stenotic bioprosthetic valves 
in different positions; 1719 

Effeciiveness of percutaneous balloon 
valvuloplasty in adults with pulmonic valve 
stenosis; 1111 


Effects of low-dose aspirin on restenosis after 
coronary angioplasty; 874 

Effects of serum lipid levels on restenosis after 
ceronary angioplasty; 1431 

Intraoperative balloon valvuloplasty for critical 
aortic valvular stenosis in neonates; 807 


Laser-assisted versus mechanical recanalization 
of femoral arterial occlusions; 1079 


Prior restenosis predicts restenosis after 
coronary angioplasty of a new significant 
narrowing; 1158 

Spontaneous echo contrast effect as an indicator 
of flow-limiting coronary stenosis; 276 d 

Transesophageal echocardiographic features af 
stenotic bioprosthetic vaives in the mitral and 
tricuspid valve positions; 689 
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ne stress echocardiography for 
zssment of cardiac risk before noncardiac 
surgery; 976 
Effects of beta blockade on the relation between 
heart rate and ventricular diastolic perfusion 
time during exercise in systemic hypertension; 
1101 


Effects of nifedipine on total ischemic activity in 
angina and the importance of in-hospital 
psychological stress in myocardial infarction; 
829 


Response to mental and physical stress before 
and during adrenoreceptor blocker and 
angiotessin-converting enzyme inhibitor 
treatment in essential hypertension; 1362 

Self-perceived psychological stress and 
incidence of coronary artery disease in 
middle-aged men; 117} 


Stroke 
Self-perceived psychological stress and 
incidence of coronary artery disease in 
middle-aged men; 1171 


Sudden death 
See Death, sudden 


a Superior vena cava fiow 
E Superior vena cava flow and tricuspid anular 
motion after cardioversion of atria! fibrillation, 
and roie of right atrial relaxation on systolic 
venous return; 1335 


Supraventricular tachyarrhythmias 
Effectiveness of sotalol in preventing 
supraventricular tachyarrhythmias shortly after 
coronary artery bypass grafting; 1163 


Supraventricular tachycardia 
Can patients discriminate between atrial 
fibrillation and regular supraventricular 
tachycardia?; 964 
Different mechanisms of polyuria and natriuresis 
associated with paroxysmal supraventricular 
tachycardia; 343 


Efficacy and safety of intravenous sotalol for 
termination of paroxysmal supraventricular 
tachycardia; 35 


Feasibility of out-of-hospital treatment of 
supraventricular tachycardias; 119 


~ Usefulness of the AHA interval to accurately 
distinguish atrioventricular nodal reentry from 
orthodromic septal bypass tract tachycardias; 
1037 
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Appearance of or persistence of severe mitral 

regurgitation without left ventricular outflow 

obstruction after partial ventricular septal 

myotomy-myectomy in hypertrophic 

cardiomyopathy; 1726 

Clinical and anatomic observations in patients 
having mitral valve replacement for mitral 
stenosis and simultaneous tricuspid valve 
replacement; 1367 


Clinical spectrum of venous thrombi in the 
Fontan patient; 1721 


Comparison of allografts and prosthetic valves 
when used for emergency aortic valve 
replacement for active infective endocarditis; 
637 


Coronary artery surgery in octogenarians; 1530 


Determinants of outcome in hospitalized infants 
with congenital heart disease; 1055 


Dobutamine stress echocardiography for 
assessment of cardiac risk before noncardiac 
surgery; 976 

Epicardial mapping in patients with 
“nodoventricular”’ accessory pathways; 208 

Evolution of the endocardial fibrotic process in 
endomyocardial fibrosis; 402 


Late follow-up after repair of left ventricular 
aneurysm and (usually) associated coronary 
bypass grafting; 193 

Late results (30 to 35 years) after operative 
closure of isolated ventricular septal defect 
from 1954 to 1960; 1491 


Medical versus surgical management of 
intracardiac rhabdomyomas; 836 


Operative mortality with implantation of the 
automatic cardioverter-defibrillator; 1340 


Prediction of major cardiac events after 
peripheral vascular surgery using dipyridamole 
echocardiography; 593 

Successful radiofrequency catheter ablation of 
accessory pathways that recurred after 
surgery; 825 

Unexpected ventricular tachyarrhythmias soon 
after cardiac surgery; 1099 


Usefulness of coronary angiography in patients 
requiring repeat cardiac valve surgery; 1717 
Symmetry 
symmetry, broken symmetry, and restored 
symmetry of apparent pure ventricular 
parasystole; 256 
Symposium: Mechanisms of 


Myocardial ischemia and Injury in 
Unstable Angina Pectoris 


Biology of the impaired endothelium; GC 

Calcium antagonists and left ventricular function; 
52C 

Goals of thrombolytic therapy; 67C 

Growth factors in pathogenesis of coronary 
arterial restenosis; 24C 

initial treatment of patients with acute ischemic 
heart disease hospitalized in a community 
hospital; 61C 

Intravenous diltiazem versus nitroglycerin for 
silent and symptomatic myocardial ischemia 
in unstable angina pectoris; 42C 

Introduction; 1C 





Molecular biology and its impact for the future; 
3C 


Newer concepts in the treatment of unstable 
angina pectoris; 34C 

Pathophysiology of acute coronary syndromes; 
16C 


Plaque disruption and thrombosis in unstable 
angina pectoris; 9C 

The role of coronary angioplasty in the 
management of unstable angina pectoris; 58C 


The role of thrombolytic therapy in patients with 
acute myocardial infarction presenting later 
than six hours after the onset of symptoms; 
720 


Treatment of unstable angina pectoris (European 
experience); 47C 


Symposium: The 
Hypertrigiyceridemias: Risk and 
Management 


Introduction; 1A 

Acquired (secondary) forms of 
hypertriglyceridemia; 17A 

Genetic (primary) forms of hypertriglyceridemia; 
13A 

Pathophysiology of triglyceride-rich particles 
A. Metabolism of triglyceride-rich particles; 5A 

Pathophysiology of triglyceride-rich particles 
B. Triglyceride-rich lipoprotein cell 
interactions; 8A 

Postprandial hyperlipidemia; (IA 


Symposium: Thrombosis and 
Thrombolysis in Unstable Angina 
Angiography in unstable angina; 78B 
Antiplatelet and antithrombotic therapy in 

unstable angina; 92B 


Characterization of atherosclerotic lesions by 
intravascular ultrasound: possible role in 
unstable coronary syndromes and in 
interventional therapeutic procedures; 85B 


Coronary atherosclerotic plaques with and 
without thrombus in ischemic heart 
syndromes: a morphologic, 
immunohistechemical, and biochemical study; 
368 


Coronary thrombosis: pathogenesis and clinical 
manifestations; 28B 


Fibrinopeptide A excretion in urine: a marker of 
the cumulative thrombin activity in stable 
versus unstable angina patients; 58B 

Granulocyte function in coronary artery disease; 
64B 

Integration of anticoagulation thrombolysis, and 
coronary angioplasty for unstable angina 
pectoris; 1368 

Intimal disruption and coronary thrombosis: its 
role in the pathogenesis of human coronary 
disease; 69B 

Introduction; 1B 

Mechanisms of platelet activation: thromboxane 
Àz as an amplifying signal for other agonists; 
11B 

Pathogenesis of thrombosis in unstable angina; 
2B 


Percutaneous transluminal coronary angioplasty 
for unstable angina; 125B 
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Platelet activatior a the pathogenesis of 
unstable angina importance in determining 
the response ta plasminogen activators; 51B 


The elusive cause -f instability in unstable 
angina; 16B 

The heart in fatalanstable angina pectoris; 22B 

Thrombolysis in postinfarction angina; 119B 

Thrombolysis in refractory unstable angina; 1108 


Thrombolysis in utstable angina: results of 
clinical studies: 39B 


Thrombosis and th ombolysis in unstable angina; 
105B 


Symposium: Ventricular 
Remodeling and Unloading 
Following M pocardial Infarction 
Activation of neucmumoral systems following 

acute myocarcel infarction; 80D 


Cellular basis of »entricular remodeling after 
myocardial infaestion; 7D 

Early intervention with angiotensin-converting 
enzyme inhibito-s during thrombolytic therapy 
in acute myocardial infarction: rationale and 
design of captspril and thrombolysis study; 
111D 


Early preventive freatment of left ventricular 
dysfunction folcwing myocardial infarction: 
optimal timing end patient selection, 64D 


Early treatment Œ acute myocardial infarction 
with angiotensir-converting enzyme inhibition: 
safety consideations; 101D 

Effects of captop-i. on contractility after 
myocardial infa ction: experimental 
observations; 25D 


Fourth international study of infarct survival: 
protocol for a age simple study of the effects 
of oral monon tate, of oral captopril, and of 
intravenous mezznesium; 87D 


influence of sevety of heart failure on the 
efficacy of anciatensin-converting enzyme 
inhibition; 1230 

Intravenous nitros-ycerin unloading tn acute 
myocardial inf—rction; 52D 


Myocardial infarct expansion: recognition 
significance a1} pathology; 35D 

Patency of the irfarct-related coronary artery and 
ventricular geametry; 41D 

Progressive ventiizular dilation in experimental 
myocardial ingction and its attenuation by 
angiotensin-capverting enzyme inhibition; 17D 

Rationale, desigr, and baseline characteristics of 
the survival aad ventricular enlargement trial 
70D 


Serial changes ir eft ventricular size after acute 
myocardial insærction; 116D 

Ventricular enlarzement and remodeling following 
acute myocardial infarction: mechanisms and 
management; D 

Ventricular enlarzzment following infarction is a 
modifiable precess; 127D 


Symptom reccgnition 
Effect of a two-year public education campaign 
on reducing response time of patients with 
symptoms of aute myocardial infarction; 245 


Syncope 

Combined ambulatory electroencephalographic*.. 

and electrocardiographic recordings for 
evaluation of syncope; 1067 


Complex ventricular ectopic activity in patients 
< 20 years of age with or without syncope, 
and the role of ventricular extrastimulus 
testing; 745 


Neurally mediated syncope detected by carotid 
sinus massage and head-up tilt test in sick 
sinus syndrome; 1032 


Syndrome X 
Antiischemic and metabolic effects of glutamate 
during pacing in patients with stable angina 
pectoris secondary to either coronary artery 
disease or syndrome X; 291 


Coronary adrenergic hyperreactivity in patients 
with syndrome X and abnormal 
electrocardiograms at rest; 1698 


Systemic hypertension 
Effect of bisoprolol on blood pressure and artarta 
hemodynamics in systemic hypertension; 61 


Effects of diltiazem on long-term outcome after 
acute myocardial infarction in patients with 
and without a history of systemic 
hypertension; 429 


Left ventricular diastolic filling alterations in 
normotensive young adults with a family 
histery of systemic hypertension; 51 


Left ventricular filling in the systemic 
hypertension of obesity; 57 


Midventricular obstruction associated with 
chronic systemic hypertension and severe leit 
ventricular hypertrophy; 761 


Short-term efficacy and safety of a single 
five-million dose of oral nifedipine in 
uncontrolled essential systemic hypertenstor’; 
123 


Use of Valsalva maneuver to unmask left 
ventricular diastolic function abnormalities by 
Deppler echocardiography in patients with 
coronary artery disease or systemic 
hypertension; 515 


Usefulness of serum creatinine as a marker for 
coronary events in elderly patients with either 
systemic hypertension or diabetes mellitus; 
678 


Usefulness of total 12-lead QRS voltage for 
determining the presence of left ventricular 
hypertrophy in systemic hypertension; 261 


Systemic lupus erythematosus 
Prevalence of cardiac abnormalities early in the 
course of systemic lupus erythematosus; 
1540 


Systemic sclerosis 
Acute and long-term effects of nifedipine on 
pulmonary and systemic hemodynamics in 
patients with pulmonary hypertension 
associated with diffuse systemic sclerosis, the 
CREST syndrome and mixed connective tissue 
disease; 1687 


Systolic venous return 
Superior vena cava flow and tricuspid anular 
motion after cardioversion of atrial fibrillaticn, 
and role of right atrial relaxation on systolic 
venous return; 1335 
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Effects of prednisolone therapy on wd 
angiographic features in Takayasu's diseasé 
416 
Tamponade 
Cardiac tamponade complicating mitral ballocn 
valvuloplasty; 802 
Technetium-99m 
Dipyridamole sesta MIBI myocardial imaging: 674 


Relation of left ventricular volume and function 
over one year after acute myocardial 
infarction to infarct size determined by 
technetium-99m sestamibi; 21 


Relation of technetium-99m pyrophosphate 
accumulation to time interval after onset of 
acute myocardial infarction as assessed by a 
fomozraphic acquisition technique; 1575 


Usefulness of technetium-99m-MiBi and 
thallium-201 in tomographic imaging 
combined with high-dose dipyridamole and 
handgrip exercise for detecting coronary artery 
disease; 575 

Thallium scintigraphy 

Noninvasive identification of significant narrowing 
of the left main coronary artery by 
dipyridamole thallium scintigraphy; 472 

Thallium SPECT 

Comparison of exercise radionuclide angiography 
wita thallium SPECT imaging for detection of 
signiicant narrowing of the left circumfiex 
coronary artery; 320 

Thallium-201 

Comparison of chest pain, electrocardiographic 
changes and thallium-201 scintigraphy during 
varying exercise intensities in men with stable 
angina pectoris; 569 

Diagnostic accuracy of exercise thallium-201 
single-photon emission computed tomography 
in patients with left bundle branch block; 756 


Improved specificity of myocardial thallium-201 
single-photon emission computed tomography 
in patients with left bundle branch block by 
dipyridamole; 504 

Reduced left ventricular cavitary activity (“black 
hole sign’’) in thallium-201 SPECT perfusion 
images of antercapical transmural myocardial 
infarction; 1132 

Role of dipyridamole thallium-201 imaging in left 
bundle branch block; 1097 

Silent versus symptomatic ischemia during a 
thallium-201 exercise test; 1600 Fa 

Systemic and left ventricular responses to 
exercise stress in asymptomatic patients with 
valvular aortic stenosis; 1469 









Usefulness of technetium-99m-MIBI and 
thallium-201 in tomographic imaging 
combined with high-dose dipyridamole and 
handgrip exercise for detecting coronary artery 
disease; 575 


Thromboembolism 
Clinical characteristics of patients with acute 
pulmonary embolism; 1723 


Thrombolysis 
Acute myocardial infarction due to thrombolytic 
reperfusion of chronically occluded saphenous 
vein coronary bypass grafts; 274 


Angiographically assessed coronary arterial 
patency and reocclusion in patients with acute 
myocardial infarction treated with 
anistreplase: results of the Anistreplase 
Reocclusion Multicenter Study (ARMS); 296 


Clot-selective coronary thrombolysis with 
low-dose synergistic combinations of 
single-chain urokinase-type plasminogen 
activator and recombinant tissue-type 
plasminogen activator; 1564 


Comparison of intravenous urokinase plus 
heparin versus heparin alone in acute 
myocardial infarction; 585 


Coronary recanalization rate after intravenous 
bolus of alfeplase in acute myocardial 
infarction; 161 


Effect of a two-year public education campaign 
on reducing response time of patients with 
symptoms of acute myocardial infarction; 249 


Effect of propranolol (long-acting) on the 
circadian fluctuation of tissue-plasminogen 
activator and plasminogen activator 
inhibitor-1; 1295 

Effectiveness of double bolus alteplase in the 
treatment of acute myocardial infarction, 1570 


Effects of early thrombolytic therapy 
(anistreplase versus streptokinase) on 
enzymatic and electrocardiographic infarct 
size in acute myocardial infarction; 848 


Electrocardiographic correlates of reperfusion 
status after thrombolysis: is the “incomplete” 
or “interrupted” infarction a non-Q-wave 
infarction?; 520 

Experience with low-dose intracoronary 
recombinant tissue-type plasminogen 
activator for nonacute total occlusions before 
percutaneous transluminal coronary 
angioplasty; 1609 

Frequency of use of thrombolytic therapy in acute 
myocardial infarction in Israel; 1291 

Importance of myocardial infarct artery patency 
on the prevalence of ventricular arrhythmia 
and late potentials after thrombolysis in acute 
myocardial infarction; 1410 


Medical, ethical and legal issues regarding 
thrombolytic therapy in the Jehovah's Witness; 
1525 


Non-Q- and Q-wave infarction after thrombolytic 
therapy with intravenous streptokinase for 
chest pain and anterior ST-segment elevation; 
446 

Older age and elevated blood pressure are risk 
factors for intracerebral hemorrhage after 
thrombolysis; 166 


Principles and practice of coronary thrombolysis 
and conjunctive treatment; 382 


Reducing delay in the emergency room in 
administration of thrombolytic therapy for 
myocardical infarction associated with ST 
elevation; 251 


Thrombolytic therapy in patients requiring 
cardiopulmonary resuscitation; 1015 


Time course and interrelation of reperfusion- 
induced ST changes and ventricular 
arrhythmias in acute myocardial infarction; 
1138 


Underutilization of thrombolytic therapy in eligible 
women with acute myocardial infarction; 529 


Usefulness of electrocardiographic findings and 
creatine kinase levels on admission in 
predicting the accuracy of the interval 
between onset of chest pain of acute 
myocardial infarction and initiation of 
thrombolytic therapy; 1287 


Ventricular late potentials in patients with acute 
myocardial infarction and early thrombolytic 
treatment; 837 


Thrombosis 
Clinical spectrum of venous thrombi in the 
Fontan patient: 172) 


Protein C deficiency and acute myocardial 
infarction in the third decade; 137 


Risk of thrombosis during coronary angioplasty 
with low osmolality contrast media; 1020 


Time-motion reconstruction 
Time-motion reconstruction of mitral leaflet 
motion from two-dimensional 
echocardiography in mitral valve prolapse; 
215 


Tissue-type plasminogen activator 
Clot-selective coronary thrombolysis with 
low-dose synergistic combinations of 
single-chain urokinase-type plasminogen 
activator and recombinant tissue-type 
plasminogen activator; 1564 


Coronary recanalization rate after intravenous 
bolus of alteplase in acute myocardial 
infarction; 161 


Effectiveness of double bolus alteplase in the 
treatment of acute myocardial infarction; 1570 


Effect of propranolol (long-acting) on the 
circadian fluctuation of tissue-plasminogen 
activator and plasminogen activator 
inhibitor-1, 1295 

Experience with low-dose intracoronary 
recombinant tissue-type plasminogen 
activator for nonacute total occlusions before 
percutaneous transluminal coronary 
angioplasty; 1609 


Tomography 
Comparison of serial quantitative evaluation of 
calcified coronary artery plaque by ultrafast 
computed tomography in persons with and 
without obstructive coronary artery disease; 1 


Relation of technetium-9Sm pyrophosphate 
accumulation to time interval after onset of 
acute myocardial infarction as assessed by a 
tomographic acquisition technique; 1575 


Transdermal therapy 
Acute and chronic antianginal efficacy of 
continuous twenty-four-hour application of 
transdermal nitroglycerin; 1263 


Transposition of the great arteries 
Echo Dengler study of right ventricular filling in 
asymptomatic patients with Senning operation 
for transposition of the great arteries; 693 


Management of the neonate with transposition of 
the great arteries and persistent pulmonary 
hypertension; 1253 


Transtelephonic defibrillator 
A cellular transteleophonic defibriflator for 
management of cardiac arrest outside the 
hospital; 909 


Treadmill protocols 
Effects of handrail support on claudication and 
hemodynamic responses to single-stage and 
progressive treadmill protocols in peripheral 
vascular occlusive disease; 99 


Treatment bias 
Are we biased in our approach to treating elderly 
patients with heart disease?; 954 


Tricuspid valve 

Clinical and anatomic observations in patients 
having mitral valve replacement for mitral 
stenosis and simultaneous tricuspid valve 
replacement; 1367 

Strut fracture and embolization of a Biirk-Shiley 
valve from the tricuspid valve position; 1253 

Transesophageal echocardiographic features of 
stenotic bioprosthetic valves in the mitral and 
tricuspid valve positions; 689 


Tricuspid valve replacement 
Clinical and anatomic observations in patients 
having mitral valve replacement for pure 
mitral regurgitation and simultaneous 
tricuspid valve replacement; 1107 


Tuberous sclerosis 
Evaluation of cardiac tumors in tuberous 
sclerosis by magnetic resonance imaging; 281 


Tumor, cardiac 
Libman-Sacks endocarditis mimicking 
intracardiac tumor; 817 
Medical versus surgical management of 
intracardiac rhabdomyomas; 836 
Twins 
Bivariate genetic analysis of left ventricular mass 
and weight in pubertal twins (the Medica! 
College of Virginia Twin Study); 661 


Ultrasound 
Ability of high-intensity ultrasound to ablate 
human atherosclerotic plaques and minimize 
debris size; 242 
Assessment of medial thinning in atherosclerosis 
by intravascular ultrasound; 1625 


Intracoronary ultrasound evaluation of 
interventional technologies; 1305 


Spontaneous echo contrast effect as an indicator 
of flow-limiting coronary stenosis; 276 


Uric acid 
Myocardial malondialdehyde and uric acid 
release after short-lasting coronary occlusions 
during coronary angioplasty: potential 
mechanisms for free radical generation; 392 
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Urokinase 
Comparison of intravenous urokinase plus 
heparin versus 2zparin alone in acute 
myocardial infaxction; 585 


Effects of urokinase and heparin on minimal 
cross-sectional æea of the culprit narrowing 
in unstable ang-ra pectoris; 451 


Urokinase-typ= plasminogen 
activator 
Clot-selective corcrary thrombolysis with 
low-dose synerzstic combinations of 
single-chain uralinase-type plasminogen 
activator and recombinant tissue-type 
plasminogen actvator; 1564 


Vagal reflexes 
Effect of reflex vasz] activation on frequency of 
ventricular premature complexes; 343 


Valsalva maneuver 
Use of Valsalva mæneuver to unmask left 
ventricular diasDlic function abnormalities by 
Doppler echocardiography in patients with 
coronary arter, lisease or systemic 
hypertension; L 3 


Valve prostheses 
Comparison of alberafts and prosthetic valves 
when used for emergency aortic valve 
replacement fcr active infective endocarditis; 
637 


Transesophageal =shocardiographic features of 
stenotic bioprcs=hetic valves in the mitral and 
tricuspid valve sositions; 689 


Valvotomy 
Effectiveness of percutaneous balloon mitral 
valvotomy durrz pregnancy; 930 


Valvular hear- disease 
Clinical and anab-nic observations in patients 
having mitral +s lve replacement for mitral 
stenosis and «tmnultaneous tricuspid valve 
replacement; 1367 


Determinants of wee var outcome from balloon 
aortic valvulopBsty; 75 


Mechanical failu € of a St. Jude medical 
prosthesis; SC 

Relation betweer nyocardial beta-adrenergic 
receptor and =t ventricular function in 
patients with eft ventricular volume overload 
due to Chrom, “nitral regurgitation with or 
without aortic ~egurgitation; 81 

Usefulness of comnary angiography in patients 
requiring repest cardiac valve surgery; 1717 


Valvular regusgitation 

Comparison of tansthoracic and 
transesophageal echocardiography for 
assessment cf left-sided valvular 
regurgitation; - 677 

Right-sided vale regurgitation in congenital 
heart disease Jetermined by Doppler 
regurgitant ve bcity measurement; 269 


Valvuloplasty 
Assessment of $2 mitral valve splitability score 
by transthoracc and transesophageal 
echocardiograahy; 1106 
Cardiac tampon=ie complicating mitral balloon 
valvuloplast}; 862 


Determinants of one-year outcome from balloon 
aortic valvuloplasty; 75 


Doppler echocardiographic findings in adults with 
severe symptomatic valvular aortic stenosis; 
1477 


Effectiveness of balloon percutaneous 
valvuloplasty for stenotic bioprosthetic valves 
in different positions; 1719 


Effectiveness of percutaneous balloon 
valvuloplasty in adults with pulmonic valve 
stenosis; 1111 


Effects of percutaneous mitral valvuloplasty on 
left ventricular mass and volume; 940 


Intraoperative balloon valvuloplasty for critical 
aortic valvular stenosis in neonates; 807 


Vasoconstriction 
Digoxin-induced vasoconstriction of normal and 
atherosclerotic epicardial coronary arteries; 
1274 


Effects of luminal eccentricity on spontaneous 
coronary vasoconstriction after successful 
percutaneous transluminal coronary 
angioplasty; 530 

Spasm and arterial injury; 525 


Vasodilator therapy 
Effects of long-term vasodilator therapy on 
electrocardiographic abnormalities in chronic 
aortic regurgitation; 935 


Vasomotion 
Coronary adrenergic hyperreactivity in patients 
with syndrome X and abnormal 
electrocardiograms at rest; 1698 


Vena cava 
Incidence and significance of a “step-down” in 
oxygen saturation from superior vena cave to 
pulmonary artery; 695 


Ventricular arrhythmias 
Complex ventricular ectopic activity in patients 
< 20 years of age with or without syncope, 
and the role of ventricular extrastimulus 
testing; 745 


importance of myocardial infarct artery patency 
on the prevalence of ventricular arrhythmia 
and late potentials after thrombolysis in acute 
myocardial infarction; 1410 

Relation between acute ventricular arrhythmias, 
ventricular late potentials and mortality in 
acute myocardial infarction; 1403 


Ventricular filling 
influence of Doppler sample volume location on 
ventricular filling velocities; 550 


Ventricular function 
Doppler assessment of pulmonary artery flow 
patterns and ventricular function after the 

Fontan operation; 1211 


Late potentials and their relation to ventricular 
function in human immunodeficiency virus 
infection; 1216 


Ventricular parasystole 
Symmetry, broken symmetry, and restored 
symmetry of apparent pure ventricular 
parasystole; 256 


1764 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 





Ventricular premature complexes 
Distribution patterns of ventricular premature 
complexes in long-term electrocardiographic 
recordings and their usefulness in disclosing 
modulated parasystole; 1045 


Effect of reflex vagal activation on frequency of 
ventricular aremature complexes; 349 


Prevalence, craracteristics and significance of 
ventricular 3remature complexes and 
ventricular tachycardia detected by 24-hour 
continuous electrocardiographic recording in 
the Cardiac Arrhythmia Suppression Trial; 887 

What's in a name?; 833 


Ventricular repolarization 
Dispersion of ventricular repolarization in the 
long QT syndrome; 614 


Ventricular rhythm 
Ventricular tachycardia and accelerated 
ventricular rhythm presenting in the first 
month of lite; 840 


Ventricular septal defect 
Diagnosing ard differentiating a doubly 
committed ventricular septal defect from 
obstructior. in the outflow tract of the right 
ventricle; 831 


Effect of digoxin on contractility and symptoms in 
infants with a large ventricular septal defect; 
1377 


Late results (30 te 35 years) after operative 
closure of isolated ventricular septal defect 
from 1954 to 1960; 1491 


Pulmonary velve-moderator band distance and 
association with development of double- 
chambered right ventricle; 1681 


Ventricular tachyarrhythmias 
Unexpected ventricular tachyarrhythmias soon 
after cardiac surgery; 1099 


Usefulness of placement of intraoperative 
epicardial wires during automatic implantable 
cardiovert2r-defibrillator insertion to preclude 
the need for transvenous catheters at the 
Predischarge Electrophysiology Study; 679 


Ventricular tachycardia 
Effects of enflurane on inducibility of ventricular 
tachycardia; 609 


Effects of increased heart rate and sympathetic 
tone on irtraventricular electrogram 
morphology; 1321 

Electrophysiologic profile of ibopamine in patients 
with congestive heart failure and ventricular 
tachycardia and relation to its effects on 
hemodynamics and plasma catecholamines; 
1194 


Upright retragrade P waves during ventricular 
tachycarcia; 138 
Ventricular tachycardia and accelerated 


ventricular rhythm presenting in the first 
month of life; 840 


Videodensitometry 
Edge detection versus videodensitometry for 
quantitatve angiographic assessment of 
directional coronary atherectomy; 534 


Waterston shunt 
Balloon.dilatation of a stenotic Waterston shunt 
with long-term follow-up; 821 


Wenckebach periodicity 
Quantitative analysis of Wenckebach periodicity; 
835 


y Wolff-Parkinson-White syndrome 

Can patients discriminate between atrial 
fibrillation and regular supraventricular 
tachycardia?; 964 

Electrophysiologic effects of intravenous 
propafenone at rest, during isoproterenol! 
infusion and during exercise in the Wolff- 
Parkinson-White syndrome; 681 


Se 


Radiofrequency catheter ablation of accessory 
pathways: a learning experience; 1651 


Reduction in medical care cost associated with 
radiofrequency catheter ablation of accessory 
pathways; 1656 


Usefulness of the AHA interval to accurately 
distinguish atrioventricular nodal reentry from 
orthodromic septal bypass tract tachycardias; 
1037 


Women 
Usefuiness of the total cholesterol to high- 
density lipoprotein cholesterol ratio in 
predicting angiographic coronary artery 
disease in women; 1646 


Xamoterol in Severe Heart Failure 
Study 


Difference in mortality between patients treated 
with captopril or enalapril in the xamoterol in 
Severe Heart Failure Study; 71 


SUBJECT INDEX 1765 


Volume 68/Copyright © 1991 
Cahners Publishing Company, A Division of 
Reed Publishing USA 
275 Washington Street, Newton, Massachusetts 02158-1630 


All rights reserved. No part of this publication may be produced or transmitted in any form 
or by any means, electronic or mechanical, including photocopying, recording or by any 
infomation storage retrieval system, without written permission of the copyright owner. 


Printed in the United States of America 


t T. 


CONTENTS INDEX 


JULY 1, 1991, VOL. 68, NO. 1 
CORONARY ARTERY DISEASE 


1 

Comparison of Serial Quantitative Evaluation of 
Calcified Coronary Artery Plaque by Ultrafast 
Computed Tomography in Persons With and Without 
Obstructive Coronary Artery Disease 

Warren R. Janowitz, Arthur S. Agatston, and Manuel 
Viamonte, Jr. 


7 


Evolution of Myocardial Ischemia and Left Ventricular 


Function in Patients With Angina Pectoris Without 
Myocardial Infarction and Total Occlusion of the Left 
Anterior Descending Coronary Artery and Collaterals 
from Other Coronary Arteries 

Yves Juilli@re, Pierre Y. Marie, Nicolas Danchin, Gilles 
Karcher, Alain Bertrand, and Francois Cherrier 


13 

Usefulness of Early Versus Late Programmed 
Ventricular Stimulation in Acute Myocardial Infarction 
Akihiko Nogami, Kazutaka Aonuma, Atsushi Takahashi, 
Junichi Nitta, Yeong-Hwa Chun, Yoshito lesaka, Michiaki 
Hiroe, and Fumiaki Marumo 


21 


Relation of Left Ventricular Volume and Function Over 


One Year After Acute Myocardial Infarction to Infarct 
Size Determined by Technetium-39m Sestamibi 
Timothy F. Christian, Thomas Behrenbeck, Bernard J. Gersh, 
and Raymond J. Gibbons 


27 

Percutaneous Transluminal Angioplasty of 
Aortocoronary Venous Bypass Grafts and Effect of the 
Caliber of the Grafted Coronary Artery on Graft 
Stenosis 

Stefan Jost, Dietrich Gulba, Werner G. Daniel, Ivo Amende, 
Rüdiger Simon, Sabine Eckert, and Paul R. Lichtlen 


31 

Effects of a Multidimensional Cardiopulmonary 
Rehabilitation Program on Psychosocial Function 
Kathleen Dracup, Debra K. Moser, Celine Marsden, Shelley 
E. Taylor, and Peter M. Guzy 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


35 

Efficacy and Safety of Intravenous Sotalol for 
Termination of Paroxysmal Supraventricular 
Tachycardia 

Luc Jordaens, Anton Gorgels, Roland Stroobandt, and 
Jacques Temmerman 


41 

Prediction of Uneventful Cardioversion and 
Maintenance of Sinus Rhythm from Direct-Current 
Electrical Cardioversion of Chronic Atrial Fibrillation 
and Flutter 


-Isabelle C. Van Gelder, Harry J. Crijns, Wiek H. Van Gilst, 


Remco Verwer, and Kong I. Lie 


JULY 1, 1991 THROUGH DECEMBER 15, 1991 


47 

Clinical and Angiographic Observations on 
Resuscitated Victims of Exercise-Related Sudden 
Ischemic Death 

Renzo Ciampricotti, Rob Taverne, and Mamdouh El Gamal 


SYSTEMIC HYPERTENSION 


51 

Left Ventricular Diastolic Filling Alterations in 
Normotensive Young Adults with a Family History of 
Systemic Hypertension 

William F. Graettinger, Joel M. Neutel, David H.G. Smith, and 
Michael A. Weber 


Bee ee ee A 
Left Ventricular Filling in the Systemic Hypertension of 
Obesity 

Ehud Grossman, Shmuel Oren, and Franz H Messerli 


Effect of Bisoprolol on Blood Pressure and Arterial 
Hemodynamics in Systemic Hypertension 

Risk G. Asmar, Jean C. Kerihuel, Xavier J. Girerd, and Michel 
E. Safar 


EE 
Cardiovascular Effects of Isradipine in Essential 
Hypertension 

Ehud Grossman, Franz H. Messerli, Shmuel Oren, Boris 
Nunez, and Guillermo E Garavaglia 


CONGESTIVE HEART FAILURE 


Difference in Mortality Between Patients Treated with 
Captopril or Enalapril in the Xamoterol in Severe Heart 
Failure Study 
Hubert Pouleur, Michel F. Rousseau, Celia Oakley, and Lars 
seal for the Xamotero! in Severe Heart Failure Study 

roup 


VALVULAR HEART DISEASE 


Determinants of One-Year Outcome from Balloon 
Aortic Vaivuloplasty 

Charles J. Davidson, J. Kevin Harrison, Karen S. Pieper, 
Michael Harding, James B. Hermiller, Katherine Kisslo, 
Cynthia Pierce, and Thomas M. Bashore 


81 

Relation Between Myocardial Beta-Adrenergic 
Receptor and Left Ventricular Function in Patients 
With Left Ventricular Volume Overload Due to Chronic 
Mitral Regurgitation With or Without Aortic 
Regurgitation 

Nobuo Sakagoshi, Susumu Nakano, Kazuhiro Taniguchi, 
Nobuaki Hirata, and Hikaru Matsuda 


CARDIOMYOPATHY 


Echocardiographic Evidence for the Existence of a 
Distinct Diabetic Cardiomyopathy (The Framingham 
Heart Study) 

Maurizio Galderisi, Keaven M. Anderson, Peter W.F. Wilson, 
and Daniel Levy 


CONTENTS INDEX 1767 


CONGENITAL HZART DISEASE 


90 


The Changing Fattern of Infective Endocarditis in 


Childhood 
Sami M. Awadallan, Rae-Ellen W. Kavey, Craig J. Byrum, 
Frank C. Smith, Maniel A. Kveselis, and Marie S. Blackman 


MISCELLANEOSS 


Abnormal! Left Ventricular Diastolic Filling in Eccentric 


Left Ventricular Hypertrophy of Obesity 
Simon Chakko, Manuel Mayor, Mark D. Allison, Kenneth M. 
Kessler, Barry J. Waterson, and Robert J. Myerburg 


METHODS 


Effects of Hancrail Support on Claudication and 


Hemodynamic *esponses to Single-Stage and 
Progressive Tr=admill Protocols in Peripheral Vascular 
Occlusive Disease 

Andrew W. Gardm2r, James S. Skinner, and L. Kent Smith 


EDITORIALS 


106 


Angiotensin-Ccaverting Inhibitors in Patients with 


Congestive Heat Failure: A Class Effect? 
Bertram Pitt 


108 


Permanent Pacing as Treatment for Hypertrophic 


Cardiomyopathy 
Kenneth M. McLCenald and Brian Maurer 


BRIEF REPORTS 


111 

Effects of Betz-—-Adrenoceptor Stimulation on 
Exercise-Induced Myocardial Ischemia 

Achille Gaspardcme, Filippo Crea, Juan Carlos Kaski, and 
Attilio Maseri 


114 

Effects of Percataneous Transluminal Coronary 
Angioplasty on Exercise-induced Changes in 

R-Wave Amplitude 

Sebastian T. Patmeri, Kenneth M. Kempner, John A. Power, 
Stephen L. Bacharach, B. William Choi, Douglas R. Rosing, 
and Robert O. Eenow 


116 


Percutaneous Transluminal Coronary Angioplasty in 


Octogenarians as an Effective Therapy for Angina 
Pectoris 

John D. Jackmem, Jr., Frank |. Navetta, Jack E Smith, 
James E. Tchere, Charles J. Davidson, Harry R. Phillips, 
Robert M. Califf, Charlotte L. Nelson, Laura H. Gardner, and 
Richard S. Stac+ 


1768 THE ANCRICAN JOURNAL OF CARDIOLOGY VOLUME 68 


119 

Feasibility of Out-of-Hospital Treatment of 
Supraventricular Tachycardias 

Carlo Rostagno, Barbara Paladini, Corrado Pini, Tamara 
Taddei, Laura Russo, Cristina Giglioli, Massimo Margheri, and 
Giovanni Bertini 


123 


Short-Term Efficacy and Safety of a Single Five- 


Milligram Dose of Oral Nifedipine in Uncontrolled 
Essential Systemic Hypertension 

Carlos Jerjes-Sanchez, Carlos Ibarra-Perez, Enrique 
Velazquez-Rodriguez, Manuel Odin De los Rios-lbarra, Alfonso 
Rosado-Buzzo, and Victor M. Gonzalez-Carmona 


125 


Detection of Patent Foramen Ovale by Doppler Color 


Flow Mapping in Patients Undergoing Cardiac 
Catheterization 

M. Elizabeth Brickner, Paul A. Grayburn, Bahaa Fadel, 
Melissa M. Carry, Eric J. Eichhorn, Richard A. Lange, and 
Anne L. Taylor 


129 

Exercise Hemodynamics and Oxygen Delivery 
Measurements Using Rebreathing Techniques in Heart 
Transplant Patients 

Robert L. Jensen, Frank G. Yanowitz, and Robert O. Crapo 


133 

Morbidity of Endomyocardial Biopsy in 
Cardiomyopathy 

Randall C. Starling, Douglas B. Van Fossen, Donald F. 
Hammer, and Donald V. Unverferth 


CASE REPORTS 


137 


Protein C Deficiency and Acute Myocardial Infarction 


in the Third Decade 
Steven M. Hacker, Brian D. Williamson, Steven Lisco, James 
Kure, Michael Shea, and Bertram Pitt 


138 

Upright Retrograde P Waves During Ventricular 
Tachycardia 

Ray Parkin, George Nikolic, and David H. Spodick 


140 

Prospective Identification by Two-Dimensional 
Echocardiography of Anomalous Origin of the Left 
Main Coronary Artery from the Right Sinus of Valsalva 
Barry J. Maron, Martin B. Leon, Julie A. Swain, Richard O. 
Cannon ill, and Antonio Pelliccia 


FROM THE EDITOR 


143 


The Government is in Your Office and Listening to 


Their Script 
William C. Roberts 


DECEMBER 15, 1991 


JULY 15, 1991, VOL. 68, NO. 2 


CORONARY ARTERY DISEASE 


145 


Outcome of Patients Who Were Admitted to a New 


Short-Stay Unit to “Rule-Out” Myocardial Infarction 
Jean-Michel Gaspoz, Thomas H. Lee, E. Francis Cook, 
Monica C. Weisberg, and Lee Goldman 


150 


Beneficial Effect of Long-Term Beta Blockade After 


Acute Myocardial Infarction in Patients Without 
Anterograde Flow in the Infarct Artery 
D. Brent Glamann, Richard A. Lange, and L. David Hillis 


155 


Diurnal Variations of Neurocardiac Rhythms in Acute 


Myocardial infarction 
Markad V. Kamath, and Ernest L. Fallen 


161 


Coronary Recanalization Rate After Intravenous Bolus 


Administration of Akeplase in Acute Myocardial 
Infarction 

Bernardino Tranchesi, Jr., Dalton F. Chamone, Christa 
Cobbaert, Frans Van de Werf, Philippe Vanhove, and Marc 
Verstraete 


166 


Older Age and Elevated Blood Pressure Are Risk 


Factors for intracerebral Hemorrhage After 
Thrombolysis 

Jeffrey L. Anderson, Labros Karagounis, Ann Allen, Mark J. 
Bradford, Ronald L. Menlove, and T. Allan Pryor 


171 


Early Prediction of Acute Myocardial Infarction from 


Clinical History, Examination and Electrocardiogram in 
the Emergency Room 

Björn W. Karlson, Johan Herlitz, Olof Wiklund, Arina Richter, 
and Ake Hjalmarson 


176 


Usefulness of Severity of Myocardial Ischemia on 


Exercise Testing in Predicting the Severity of 
Myocardial Ischemia During Daily Activities 

Jesaia Benhorin, Mady Moriel, Alex Gavish, Aharon Medina, 
Shmuel Banai, Michael Shapira, Shlomo Stern, and Dan 
Tzivoni 


181 

Systemic Neurohumoral Activation and 
Vasoconstriction During Pacing-Induced Acute 
Myocardial Ischemia in Patients with Stable Angina 
Pectoris 

Willem J. Remme, Peter W. de Leeuw, Marianne Bootsma, 
Maxime P. Look, and Dick A. C. M. Kruijssen 


187 


Frequency of Low Serum High-Density Lipoprotein 


Cholesterol Levels in Hospitalized Patients with 
“Desirable” Total Cholesterol Levels 

Geoffrey S. Ginsburg, Charles Safran, and Richard C. 
Pasternak 





LV — na 
Late Follow-Up After Repair of Left Ventricular 
Aneurysm and (Usually) Associated Coronary Bypass 
Grafting 

Peter A. Baciewicz, William S. Weintraub, Ellis L. Jones, 
Joseph M. Craver, Caryn L. Cohen, Xudong Tao, and Robe 
A. Guyton . 


201 

Seismocardiographic Changes Associated with 
Obstruction of Coronary Blood Flow During Balloon 
Angioplasty 

David M. Salerno, John M, Zanetti, Lisa A. Green, Michael R. 
Mooney, James D. Madison, and Robert A. Van Tassel 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


208 RENE 
Epicardial Mapping in Patients with “Nodoventricular” 
Accessory Pathways 

Challon J. Murdock, James W. Leitch, George J. Klein, 
Gerard M. Guiraudon, Raymond Yee, and Wee Siong Teo 


VALVULAR HEART DISEASE 


215 NEE 
Time-Motion Reconstruction of Mitral Leaftet Motion 
from Two-Dimensional Echocardiography in Mitral 
Valve Prolapse 

Riccardo Pini, Barbara Greppi, Mary J. Roman, Randi 
Kramer-Fox, and Richard B. Devereux 


221 

Radiation Exposure of Pediatric Patients and 
Physicians During Cardiac Catheterization and Balloon 
Pulmonary Valvuloplasty 

Jiunn-Ren Wu, Teh-Yang Huang, Ding-Kwo Wu, Pin-Chien 
Hsu, and Pao-Shan Weng 


MISCELLANEOUS 


226 EE 
Role of Angioscopy in the Treatment of Peripheral 
Vascular Disease with Percutaneous Atherectomy 
Gerhard Bauriedel, Samuel J. De Maio, Jr., and Berthold 
Höfling 


232 

Evolution of Heart Rate Responsiveness After 
Orthotopic Cardiac Transplantation 

Laszlo Rudas, Peter W. Pflugfelder, Alan H. Menkis, Richard 
J. Novick, F. Neil McKenzie, and William J. Kostuk 


237 EE 
Preserved Atrial Natriuretic Peptide Secretory Function 
After Cardiac Transplantation 

Randall C. Starling, Thornas M. O’Dorisio, William B. 
Malarkey, Kevin D. Murray, P. David Myerowitz, and Robert 


J. Cody 
METHODS 


Ability of High-Intensity Ultrasound to Ablate Human 
Atherosclerotic Plaques and Minimize Debris Size 
Alexander Ernst, Eric A. Schenk, Sheryl M. Gracewski, 
Timothy J. Woodlock, Francis G. Murant, Howard Alliger, and 
Richard S. Meltzer 


CONTENTS INDEX 1769 


BRIEF REPORTS 


247 


Effect of a Community Cholesterol Screening Program 


on Serum Total holesterol Level 
Thomas C. Hilto and Harold L. Kennedy 


249 


Effect of a Twe-Year Public Education Campaign on 


Reducing Respense Time of Patients with Symptoms of 
Acute Myocard.al Infarction 

H. Weston Moses, Nina Engelking, George J. Taylor, C. 
Prabhakar, M. \elala, Jerry A. Colliver, Herschi Silberman, 
and Joel A. Scha=der 


251 

Reducing Dela; in the Emergency Room in 
Administration rf Thrombolytic Therapy for 
Myocardial inferction Associated with ST Elevation 

H. Weston Moses, John J. Bartolozzi, Jr., Deborah L. 
Koester, Jerry A. Solliver, George J. Taylor, Frank L. Mikell, 
James T. Dove, Fcchard E. Katholi, Robert C. Woodruff, Brian 
D. Miller, Kelley & Kennedy, and James A. Nachtwey 


RID ee 
Results of Perctaneous Transluminal Angioplasty of 
the Left Main ‘ceronary Artery 

Michael Eldar, Keacy Schulhoff, Izhak Herz, Robert Frankel, 
Harry Feld, and cob Shani 


EE 
Symmetry, Bre-en Symmetry, and Restored Symmetry 
of Apparent Pure Ventricular Parasystole 

Agustin Castellatzs, Pedro Fernandez, Federico Moleiro, 
Alberto Interian, 7, and Robert J. Myerburg 


259 _ EE 
Effects of Amicdarone on Serum Lipoprotein Levels 
Stewart G. Albe--. Larry E. Alves, and Edward P. Rose 


261 

Usefulness of Fetal 12-Lead QRS Voltage for 
Determining thz Presence of Left Ventricular 
Hypertrophy ia Systemic Hypertension 

Luis Rodriguez P=dial 


COR A a a E 
Transesophageal Echocardiographic Assessment of 
Congenital Co-mary Artery to Coronary Sinus Fistulas 
in Adults 

Tandaw E Samzershi, Edward F. Mahan UI. Navin C. Nanda, 
and Rajat S. Sat al 


OT i th ee 
Postprandial C-anges in Oxygen Saturation in Patients 
with Bidirecticaal Cavopulmonary Shunts 

Jeff Rockow, Themas R. Lloyd, and Richard L. Donnerstein 


209 i a u 
Right-Sided Vewe Regurgitation in Congenital Heart 
Disease Determined by Doppler Regurgitant Velocity 
Measurement 

Arie P.J. van DIE Jeroen C.W. Hopman, Otto Daniëls 


I ok a 
Transesophageal Echocardiographic Features of the 
Atrial Septum ‘2 Constrictive Pericarditis 

isidre Vilacosta -osé Alberto San Roman Calvar, Elena 
Iturralde Prieto Manuel Gómez Recio, and Luis Martinez 
Elbal 


CASE REPORTS 


Oo ce A 
Acute Myocardial Infarction Due to Thrombolytic ~a 
Reperfusion of Chronically Occluded Saphenous Vein ` 
Coronary Bypass Grafts 

John C. Gurley and Blair S. MacPhail 


276 EE 
Spontaneous Echo Contrast Effect as an Indicator of 
Flow-Limiting Coronary Stenosis 

Kevin M. Coy, Jun C. Park, Arie Sheffer, Arthur Smith, 
Mehrdad Ariani, Jang-Seong Chae, and Robert J. Siegel 


277 ` EE 
Nonsurgical Treatment of a Neonate with Pulmonary 
Atresia and Intact Ventricular Septum by 
Transcatheter Puncture and Balloon Dilation of the 
Atretic Valve Membrane 

Larry A. Latson 


279 VE 
Catheterizing Modified Blalock-Taussig Shunts and 
Ascending Aorta to Pulmonary Artery Shunts l 
lan C. Balfour, Saadeh B. Jureidini. and Soraya Nouri 


Evaluation of Cardiac Tumors in Tuberous Sclerosis by 
Magnetic Resonance Imaging 

Masahiko Matsumura, Kenya Nishioka, Keiji Yamashita, 
Muneo Yoshibayashi, Takehiko Okuno, Junji Konishi, Tatsuo 
Shimizu, Shinji Temma, Tadashi Ueda, and Haruki Mikawa 


284 

Primary Pulmonary Hypertension for 30 Years 
Todd J. Anderson, Erik T. Larsen, D. George Wyse, and 
Wanda M. Lester 


Rupture of the Outer Partition of Aortic Dissection 
During Transesophageal Echocardiography 
Stephen V. Silvey, Thomas L. Stoughton, Wiliam Pearl, 
Wiliam A. Collazo, and Roger J. Belbel 


FROM THE EDITOR e 


Human Records and a Tribute to the Guinness Book of 
World Records 
William C. Roberts 


READERS’ COMMENTS 


290 

A Possible Interaction Between Heparin and 
Intravenous Nitroglycerin 

Chris Bushe and Elizabeth Wales 


INSTRUCTIONS TO AUTHORS on page 254 


JULY 24, 1991, VOL. 68, NO. 3 4 


A SYMPOSIUM: THE HYPERTRIGLYCERIDEMIAS: 


RISK AND MANAGEMENT 


1770 THE ANFICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 








r 


AUGUST 1, 1991, VOL. 68, NO. 4 
CORONARY ARTERY DISEASE 


291 


Antiischemic and Metabolic Effects of Glutamate 


During Pacing in Patients with Stable Angina Pectoris 
Secondary to Either Coronary Artery Disease or 
Syndrome X 

Anne Thomassen, Torsten T. Nielsen, Jens P. Bagger, Anders 
K. Pedersen, and Per Henningsen 


296 


Angiographically Assessed Coronary Arterial Patency 


and Reecchision in Patients with Acute Myocardial 
Infarction Treated with Anistreplase: Results of the 
Anistreplase Reocchision Multicenter Study (ARMS) 
Lucy Relik-van Wely, Rombout F. Visser, Joop M. J. van der 
Pol, Ingrid Bartholomeus, Jaap E. Couvée, Henk Drost, André 
J. T. M. Vet, Huib C. Klomps, Wim A. A. J. van Ekelen, Fred 
van den Berg, and X. Hanno Krauss 


301 

Acute Effects of Intravenous Nicardipine on 
Hemodynamics and Cardiac Function in Patients with a 
Healed Myocardial Infarction and No Evidence of 
Congestive Heart Failure 

Takeshi Ogawa, Tatsuhiko Sekiguchi, Masanori Ishii, Kazunori 
Ushiyama, Kazuhiko Yasui, and Yasuro Sugishita 


306 


Comparative Efficacy and Safety of Bepridil and 


Diltiazem in Chronic Stable Angina Pectoris Refractory 
to Diltiazem 
Bramah N. Singh, for the Bepridil Collaborative Study Group 


313 


Safety and Efficacy of Percutaneous Transluminal 


Coronary Angioplasty in Patients with Left Ventricular 
Dysfunction 

Tracy Stevens, Joel K. Kahn, Ben D. McCallister, Robert W. 
Ligon, Susan Spaude, Barry D. Rutherford, David R. 
McConahay, Warren L. Johnson, Lee V. Giorgi, Thomas M. 


Se Shimshak, and Geoffrey O. Hartzler 


è 


320 


Comparison of Exercise Radionuclide Angiography 


with Thallium SPECT Imaging for Detection of 
Significant Narrowing of the Left Circumflex Coronary 
Artery 

Vasken Dilsizian, Pasquale Perrone-Filardi, Richard O. 
Cannon lil, Nanette M. T. Freedman, Stephen L. Bacharach, 
and Robert O. Bonow 


329 


Stunned Left Ventricular Myocardium After Exercise 


Treadmill Testing in Coronary Artery Disease 
Robert A. Kloner, John Allen, Timothy A. Cox, Yuechun 
Zheng, and Carlos E. Ruiz 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


335 


Serial Antiarrhythmic Drug Treatment to Maintain 


Sinus Rhythm After Electrical Cardioversion for 

~ Chronic Atrial Fibrillation or Atrial Flutter 
Harry J. Crijns, Isabelle C. Van Gelder, Wiek H. Van Gilst, 
Hans Hillege, A. Marcel Gosselink, and Kong I. Lie 


343 ot See ee 
Different Mechanisms of Polyuria and Natriuresis 
Associated with Paroxysmal Supraventricular 
Tachycardia 

Takashi Fujii, Shunichi Kojima, Masahito Imanishi, Tohru 
Ohe, and Teruo Omae 


EE 
Effect of Reflex Vagal Activation on Frequency of 
Ventricular Premature Complexes 

Mario Facchini, Gaetano M. De Ferrari, Oscar Bonazzi, 
Theodore Weiss, and Peter J. Schwartz 


CONGESTIVE HEART FAILURE 


Left Ventricular Shape as a Determinant of Functional 
Mitral Regurgitation in Patients with Severe Heart 
Failure Secondary to Either Coronary Artery Disease 
or Idiopathic Dilated Cardiomyopathy 

Tatsuji Kono, Hani N. Sabbah, Paul D. Stein, James F. 
Brymer, and Fareed Khaja 


a 
Effects of Enoximone on Exercise Tolerance in Patients 
with Mild to Moderate Heart Failure 

Haruki Itoh, Koichi Taniguchi, Mayumi Doi, Akira Koike, and 
Akira Sakuma 


CARDIOMYOPATHY 


365 

Outcome of infants and Children with Dilated 
Cardiomyopathy 

Alan B. Lewis and Michelle Chabot 


370 SE 
Effects of immunosuppressive Therapy in Biopsy- 
Proved Myocarditis and Borderline Myocarditis on Left 
Ventricular Function 

Steven R. Jones, Ahvie Herskowitz, Grover M. Hutchins, and 
Kenneth L. Baughman, MD 


MISCELLANEOUS 


377 a ee at 
Left Ventricular Filling Abnormalities in Asymptomatic 
Morbid Obesity 

Stuart W. Zarich, Glen J. Kowalchuk, Maureen P. McGuire, 
Peter N. Benotti, Edward A. Mascioli, and Richard W. Nesto 


EDITORIALS 


Principles and Practice of Coronary Thrombolysis and 
Conjunctive Treatment 
Burton E. Sobel and Jack Hirsh 


389 

immunosuppressive Therapy and Lipoprotein 
Abnormalities After Cardiac Transplantation 
Jonathan S. Stamler, Douglas E. Vaughan, and Joseph 
Loscalzo 


CONTENTS INDEX 1771 


BRIEF REPORTS 


392 


Myocardial Malendialdehyde and Uric Acid Release 


After Short-Las<ing Coronary Occlusions During 
Coronary Angisesiasty: Potential Mechanisms for Free 
Radical Generztion 

LK De Scheerde-, A M. M. van de Kraay, J. M. J. Lamers, 
J. F. Koster, J.M. de Jong, and P. W. Serruys 


395 


Waking Up Exhausted as Risk Indicator of Myocardial 


Infarction 
Ad Appels and Erix Schouten 


398 


A New Noninvésive Method for the Estimation of the 


Pulmonary Arterial Pressure in Mitral Stenosis 
Carlo Longhini, Errico Baracca, Cristiana Brunazzi, Marco 
Vaccari, Luca Lo-ghini, and Franco Barbaresi 


402 

Evolution of the Endocardial Fibrotic Process in 
Endomyocardia! Fibrosis 

Charles Mady, A C. Pereira Barretto, Sergio A. Oliveira, 
Noedir Stolf, Giovanni Bellotti, Fulvio Pileggi 


403 


Incidence of Reaal Dysfunction in Adults with Cyanotic 


Congenital Heart Disease 
Michael F. Flanazan, Maribeth Hourihan, and John F. Keane 


406 

Usefulness of Paysical Exercise for Maintaining 
Smoking Cessaiion in Women 

Bess H. Marcus, anna E Albrecht, Raymond S. Niaura, David 
B. Abrams, and au D. Thompson 


408 


Cardiac Transp-ant Waiting Lists, Donor Shortage and 


Retransplantaiion and Implications for Using Donor 
Hearts 

Paul A. Mullins, John P. Scott, John J. Dunning, Dan J. 
Aravot, Stephen 2. Large, John Wallwork, and Peter M. 
Schofield 


410 

Effects of Precnisolone Therapy on Arterial 
Angiographic Features in Takayasu’s Disease 
Kaichiro Ishikawe 


413 


Noninvasive Es-imation of Left Ventricular Contractile 


State and Afterioad in Normal Newborn infants 
Hiroshi Igarashi. 4irohiko Shiraishi, Hideki Endoh, and 
Masayoshi Yanaaisawa 


415 


Transesophag=al Echocardiographic Characterization 


of Pulmonary tein Flow Not Due to Atrial Contraction 
or Mitral Regurgitation 
Tomasz J. Pasierski, Mary A. Alton, and Anthony C. Pearson 


418 
Dilution of Potent Drugs 
Michel Millereat 


ABSTRACTS 


tL: ea ae Oe ee ere ee Oe ee ae eS 
American Academy of Pediatrics: Cardiology Abstracts ` 


INSTRUCTIONS TO AUTHORS on page 342 
AUGUST 15, 1991, VOL. 68, NO. 5 
CORONARY ARTERY DISEASE 


DF EE 
Effects of Diltiazem on Long-Term Outcome After 
Acute Myocardial Infarction in Patients With and 
Without a History of Systemic Hypertension 

Arthur J. Moss, David Oakes, Michael Rubison, Michael 
McDermott, Eric Carleen, Shirley Eberly, Mary Brown, and 
the Multicenter Diltiazem Postinfarction Trial Research 
Group 


EEN 
Comparison of the Predictive Characteristics of Heart 
Rate Variability Index and Left Ventricular Ejection 
Fraction for AL Cause Mortality, Arrhythmic Events 
and Sudden Death After Acute Myocardial Infarction 
Olusola Odemuyiwa, Marek Malik, "om Farrell, Yaver Bashir, 
Jan Poloniecki, and John Camm 


Age-Related Normal Values of Signal-Averaged 
Electrocardiographic Variables after Acute Myocardial 
Infarction 

Marek Malik, Olusola Odemuyiwa, Jan Poloniecki, Piotr 
Kulakowski, Thomas Farrell, Anne Staunton, and A. John 
Camm 


Non-Q and Q-Wave Infarction After Thrombolytic 
Therapy with Intravenous Streptokinase for Chest Pain 
and Anterior ST-Segment Elevation 

Lalit Chouhan, Hajar A. Hajar, Thomas George, and Juan 
Carlos Pomposiella 


Oc i te 
Effects of Urokinase and Heparin on Minimal Cross- 

Sectional Area of the Culprit Narrowing in Unstable 

Angina Pectoris 

Mara Sansa, Cameo Cernigliaro, Andrea Campi, and Ignazio 
Simonetti 


457 a ee oo 
Twenty-Four-Hour Activity of Felodipine Extended 
Release in Chronic Stable Angina Pectoris 

Gino Santoro, Stefano Savonitto, Vito Di Bello, Daniele 
Alberti, and Costantino Giusti 


Ridogrel in the Setting of Percutaneous Transluminal 
Coronary Angioplasty 

Carl Timmermans, Matty Vrolix, Johan Vanhaecke, Francis 
Stammen, Jan Piessens, Els Vercammen, and Hilaire De 
Geest 


Use of a Morphologic Classification to Predict Clinical 
Outcome After Dissection from Coronary Angioplasty 
Michael $. Huber, Jodi Fishman Mooney, James Madison, 
and Michael Moon2y 


oe. 


1772 THE ANCRICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 





ei 


472 


Noninvasive Identification of Significant Narrowing of 


the Left Main Coronary Artery by Dipyridamole 
Thallium Scintigraphy 

Taishiro Chikamori, Yoshinori L. Doi, Yoshihiro Yonezawa, 
Mitsutoshi Yamada, Hiromi Seo, and Toshio Ozawa 


478 


Evaluation of Dipyridamole-Doppler Echocardiography 


for Detection of Myocardial Ischemia and Coronary 
Artery Disease 

Peter Mazeika, Petros Nihoyannopoulos, Jayshree Joshi, and 
Celia M. Oakley 


485 


Pronounced Reduction of Aortic Flow Velocity and 


Acceleration During Heavy Isometric Exercise in 
Coronary Artery Disease 

Enrique Z. Fisman, Efraim Ben-Ari, Amos Pines, Yaacov 
Drory, Robert J. Shiner, Michael Motro, and Jan J. 
Kellermann 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


492 


Usefulness of Excitable Gap and Pattern of Resetting 


in Atrial Flutter for Determining Reentry Circuit 
Location 

Paolo Della Bella, Giancarlo Marenzi, Claudio Tondo, Daniela 
Cardinale, Francesco Giraldi, Gianfranco Lauri, and Maurizio 
Guazzi 


498 


Effects of Exercise on Heart Rate, QT, QTc and 


QT/QS2 in the Romano-Ward Inherited Long QT 
Syndrome 

G. Michael Vincent, Deepak Jaiswal, and Katherine W. 
Timothy 


504 


Improved Specificity of Myocardial Thallium-201 


Single-Photon Emission Computed Tomography in 
Patients with Left Bundle Branch Block by 
Dipyridamole 

Robert J. Burns, Luke Galligan, Linda M. Wright, Samih 
Lawand, Ronald J. Burke, and Peter J. Gladstone 


SYSTEMIC HYPERTENSION 


509 

Hemodynamic Effects of Celiprolol in Essential 
Hypertension 

Edward D. Frohlich, Reinhard Ketelhut, Ulrich R. Kaesser, 
Christoph J. Losem, and Franz H Messerli 


METHODS 


515 


Use of Valsalva Maneuver to Unmask Left Ventricular 


Diastolic Function Abnormalities by Doppler 
Echocardiography in Patients with Coronary Artery 
Disease or Systemic Hypertension 

Jean G. Dumesnil, Gertie Gaudreault, George N. Honos, and 
John G. Kingma, Jr. 


EDITORIALS 


520 EE 
Electrocardiographic Correlates of Reperfusion Status 
After Thrombolysis: Is the “Incomplete” or 
“Interrupted” Infarction a Non-Q-Wave Infarction? 
William E. Boden 


525 
Spasm and Arterial Injury 
Jay Hollman, and Curtis R. Partington 


BRIEF REPORTS 


529 ES 
Underutilization of Thrombolytic Therapy in Eligible 
Women with Acute Myocardial Infarction 

Charles Maynard, Ralph Althouse, Manuel Cerqueira, Michele 
Olsufka and J. Ward Kennedy 


530 

Effects of Luminal Eccentricity on Spontaneous 
Coronary Vasoconstriction After Successful 
Percutaneous Transluminal Coronary Angioplasty 
Tim A. Fischell and Kurt N. Bausback 


534 

Edge Detection Versus Videodensitometry for 
Quantitative Angiographic Assessment of Directional 
Coronary Atherectomy 

Victor A. Umans, Bradley H. Strauss, Pim J. de Feyter, and 
Patrick W. Serruys 


539 a 
Effects of Parasympathetic Blockade on Ischemic 
Threshold in Patients with Exercise-Induced 
Myocardial Ischemia 

Paolo Marraccini, Enrico Orsini, Guido Nassi, and Antonio 
L’Abbate 


543 Ee 
Long-Term Follow-Up After Intracoronary Ethanol 
Ablation of Atrioventricular Conduction 

Hans de Swart, Joep Smeets, Pedro Brugada, Karel den 
Dulk, and Hein J.J. Wellens 


545 

Actuarial Risk of Sudden Death While Awaiting 
Cardiac Transplantation in Patients with 
Atherosclerotic Heart Disease 

DEFIBRILAT Study Group 


547 SE 
Aging and Left Ventricular Function in Elderly Healthy 
People 

Bodil Lernfelt, John Wikstrand, Alvar Svanborg, and Sten 
Landahl 


550 ——— EE 
Influence of Doppler Sample Volume Location on 
Ventricular Filling Velocities 

Warwick M. Jaffe, Timothy A. Dewhurst, Catherine M. Otto, 
and Alan S. Pearlman 


553 eee = 
Independent Effects of Low Frequency Magnitude and 
Phase Distortion on the Recorded Electrocardiogram 
Ted J. Dustman, Marc S. Fuller, and Sally Sharp 


CONTENTS INDEX 1773 





557 


Validation of a Bedside Method of Activated Partial 


Thromboplasti« Time Measurement with Clinical 
Range Guidelires 

James L. Vacek, <azuhira Hibiya, Thomas L. Rosamond, Paul 
H. Kramer, and an D. Beauchamp 


CASE REPORTE 


560 


Cardiac Transp-antation for Giant Coronary Artery 


Aneurysms Complicating Kawasaki Disease 
John M. Travalire, Scott M. Hamilton, Richard E. Ringel, 
John C. Lasching2r, and Andrew A. Ziskind 


561 

Transesophageal Echocardiographic Findings of 
Papillary Musc= Rupture 

Kichiro Sakai, Kenji Nakamura, and Saichi Hosoda 


READERS’ COMMENTS 


564 


Should Antibiotic Prophylaxis Be Recommended for All 


Patients with Ffitral Valve Prolapse? 
Tsung O. Cheng 


Angiographic Progression to Total Coronary Occlusion 
in Hyperlipiderzic Patients After Acute Myocardial 
infarction 

William C. Little =.d Robert J. Applegate 


Testing to Detect and Evaluate Hypertensive 
Populations 
Angel Cantor and Noah Liel 


566 
Lipid Profiles Adter Cardiac Transplantation 
Jacques Massé 


Radionuclide Ecercise Response in Young 
Asymptomatic Chronic Alcoholics 
Ralph Moskowitz 
567 
Cause of Ventricular Arrhythmia 
James A. Landa2r 
Mitral Regurgitation Improves When Aortic Valve Area 
increases Signiicantly 
Seth D. Bilazaricia and Ravin Davidoff 


INSTRUCTIOBNS TO AUTHORS on page 528 


SEPTEMBER ` 1991, VOL. 68, NO.6 
CORONARY ARTERY DISEASE 


569 


Comparison of Chest Pain, Electrocardiographic 


Changes and Thallium-201 Scintigraphy During 
Varying Exercse Intensities in Men with Stable Angina 
Pectoris 

Gary V. Heller, imtiaz Ahmed, Peter L. Tilkermeier, Marilyn M. 
Barbour, and Carol Ewing Garber 


1774 THE ANCRICAN JOURNAL OF CARDIOLOGY VOLUME 68 


Use of Isometric Exercise Testing Can Replace Isotonic 


$75 


Usefulness of Technetium-99m-MiIBI and Thallium-201 


in Tomographic knaging Combined with High-Dose 
Dipyridamole and Handgrip Exercise for Detecting 
Coronary Artery Disease 

Raimo Kettunen, Heikki V. Huikuri, Juhani Heikkila, and Juha 
T. Takkunen 


Efficacy of Slow-Release Nifedipine on Myocardial 


ischemic Episodes in Variant Angina Pectoris 
Yasuhiro Morikami and Hirofumi Yasue 


Comparison of Intravenous Urckinase Plus Heparin 


Versus Heparin Alone in Acute Myocardial Infarction 
Paolo Rossi and Leonardo Bolognese 


593 


Prediction of Major Cardiac Events After Peripheral 


Vascular Surgery Using Dipyridamole 
Echocardiography 

Marc D Tischler, Thomas H Lee, Alan T. Hirsch, Christopher 
P, Lord, Lee Goldman, Mark A. Creager, and Richard T. Lee 


598 

Impairment of Left Ventricular Function During 
Coronary Occlusion Evaluated with a Nonimaging 
Scintillation Probe 

Andreas Hartmann, Frank-Dieter Maul, Michael Zimny, 
Harald Klepzig, Christian Vallbracht, Hans-Georg Kneissl, 
Rainer Schrader, Gustav Hör, and Martin Kaltenbach 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


603 


Use of Amiodarone for Short-Term and Adjuvant 


Therapy in Young Patients 
Giacomo Pongiglione, Janette F. Strasburger, Barbara J. 
Deal, and D. Woodrow Benson, Jr. 


609 


Effects of Enflurane on inducibility of Ventricular 


Tachycardia 

Christine Hief, Martin Borggrefe, Xu Chen, Antonio Martinez- 
Rubio, Thomas Hachenberg, Peter Lawin, and Günter 
Breithardt 


OO a EE E AAA EE 
Dispersion of Ventricular Repolarization in the Long 
QT Syndrome l 

Luigi De Ambroggi, Maria S. Negroni, Emanuela Monza, Tito 
Bertoni, and Peter J. Schwartz 


621 


Dimensions of the Human Posterior Septal Space and 


Coronary Sinus 
Lioyd M. Davis, Keren Byth, Peter Ellis, Mark A. McGuire, 
John B. Uther, David A B. Richards, and David L. Ross 


Stability Over Time of Variables Measuring Heart 
Period Variability in Normal Subjects 

Robert E. Kleiger, J. Thomas Bigger, Matthew S. Bosner, 
Mina K. Chung, James R. Cook, Linda M. Roinitzky, Richard 
Steinman, and Joseph L. Fleiss 


DECEMBER 15, 1991 


one 


q 


er 


A 





Soe Wa 


> 





CONGESTIVE HEART FAILURE 


631 


Effectiveness of Imazodan for Treatment of Chronic 


Congestive Heart Failure 
A. David Goldberg, John Nicklas, and Sidney Goldstein, for 
the Imazodan Research Group 


VALVULAR HEART DISEASE 


637 


Comparison of Allografts and Prosthetic Valves when 


Used for Emergency Aortic Valve Replacement for 
Active Infective Endocarditis 
Flavian M. Lupinetti, and John H. Lemmer, Jr. 


CARDIOMYOPATHY 


642 


Electrocardiographic Correlates with Left Ventricular 


Morphology in Idiopathic Dilated Cardiomyopathy 
Francesco Pelliccia, Giuseppe Critelli, Cinzia Cianfrocca, 
Antonio Nigri, and Attilio Reale 


CONGENITAL HEART DISEASE 


648 


Long-Term Assessment of Right Ventricular Diastolic 


Filling in Patients with Pulmonic Valve Stenosis 
Successfully Treated in Childhood 

Roger P. Vermilion, A. Rebecca Snider, A. Resai Bengur, and 
Jon N. Meliones 


MISCELLANEOUS 


653 


Factors Influencing Doppler Indexes of Left Ventricular 


Filling in Healthy Persons 
Seppo Voutilainen, Markku Kupari, Mikko Hippeläinen, Kari 
Karppinen, Markku Ventilä, and Juhani Heikkilä 


661 


Bivariate Genetic Analysis of Left Ventricular Mass 


and Weight in Pubertal Twins (The Medical College of 
Virginia Twin Study) 

Henri A. Verhaaren, Richard M. Schieken, Michael Mosteller, 
John K. Hewitt, Lindon J. Eaves, and Walter E. Nance 


METHODS 


669 


Left Ventricular Ejection Fraction Measured with 


Doppler Color Flow Mapping Techniques 
A. Resai Bengur, A. Rebecca Snider, Roger P. Vermilion, and 
John C. Freeland 


EDITORIALS 


674 
Dipyridamole Sesta MIBI Myocardial Imaging 
Abdulmassih S. Iskandrian 


675 
Anatomy of the “‘Posterior Septal Space” 


“a James L. Cox 


BRIEF REPORTS 


678 Ee 
Usefulness of Serum Creatinine as a Marker for 
Coronary Events in Elderly Patients with Either 
Systemic Hypertension or Diabetes Mellitus 

Wilbert S. Aronow 


679. SE 
Usefulness of Placement of Intraoperative Epicardial 
Wires During Automatic Implantable Cardioverter- 
Defibrillator Insertion to Preclude the Need for 
Transvenous Catheters at the Predischarge 
ysiology Study 

Peter N. Smith, Patricia A. Schumitsch, Mary L. Seebandt, 
Cheryl J. Bores, Eugene T. Weiler, Jefferson F. Ray III, 
WEN O. Myers, John W. E. Douglas Jones, and Humberto 

. Vidaillet 


ne 
Electrophysiologic Effects of Intravenous Propafenone 
at Rest, During Isoproterenol Infusion and During 
Exercise in the Wolff-Parkinson-White S 

Jean-Jacques Goy, Martin Fromer, Jirg Schlaepfer, and 
Lukas Kappenberger 


68S 
Urinary Kallikrein Excretion in Congestive Heart 
Failure 

Eduardo Guarda, Ramén Corbalan, Renato Albertini, Jorge 
Jalil, Héctor Croxatto, Rosa Silva, and Cecilia Valenzuela 


Comparison of Mitral Vaive Area Results of Balloon 
Mitral Vaivotomy Using the Inoue and Double Balloon 
Techniques 

Paulo A. Ribeiro, Mohamed Eid Fawzy, Mohamed A. Arafat, 
Bruce Dunn, Ranganatha Sriram, Edward Mercer, and Carlos 
G. Duran 


an i 
Transesophageal Echocardiographic Features of 
Stenotic Bioprosthetic Valves in the Mitral and 
Tricuspid Valve Positions 

Mohsin Alam, Howard S. Rosman, Gerardo A. Polanco, Mita 
Sheth, Remigio Garcia, and Jeffrey B. Serwin 


691 SE 
Diagnosis of Patent Ductus Arteriosus in Adults by 
Biplane Transesophageal Color Doppler Flow Mapping 
Katsu Takenaka, Tsuguya Sakamoto, Takahiro Shiota, 
Wataru Amano, Tsutomu Igarashi, and Tsuneaki Sugimoto 


693. EEN 
Echo-Deppler Study of Right Ventricular Filling in 
Asymptomatic Patients with Senning Operation for 
Transposition of the Great Arteries 

Rufino Nascimento, Damião L. Cunha, Pedro Bastos, Pedro 
VanZeller, and Manuel Rodrigues-Gomes 


ni A 
Incidence and Significance of a “Step-Down” in 
Oxygen Saturation from Superior Vena Cava to 
Pulmonary Artery 

D. Brent Glamann, Richard A. Lange, and L. David Hillis 


CONTENTS INDEX 1775 


697 


Mitral and Pulmonary Venous Flow Under Influence of 


Positive End-E>piratory Pressure Ventilation Analyzed 
by Transesophageal Pulsed Doppler Echocardiography 
Rainer Hoffman Heinz Lambertz, Hartmut Jūtten, Frank A. 
Fiachskampf, arc Peter Hanrath 


701 


Medical Demodilization in Wartime Russia, 1917 to 


1918 
Theodore L. Sou-kes and Shena Rosenblatt Sourkes 


FROM THE EDIFOR 


703 


Benjamin Franilin’s Poor Richard’s Almanack and Its 


Maxims on Phgsicians, Medicine and Nutrition 
William C. Roberts 


INSTRUCTIONS TO AUTHORS on page 660 


SEPTEMBER <=. 1991, VOL. 68, NO. 7 


A SYMPOSIURE THROMBOSIS AND THROMBOLYSIS 


IN UNSTABLE ANGINA 


SEPTEMBER 15, 1991, VOL. 68, NO. 8 
CORONARY ARTERY DISEASE 


707 

Incremental P->gnostic Accuracy of Clinical, 
Radionuclide and Hemodynamic Data in Acute 
Myocardial In“arction 

Brian P. Griffin, Prediman K. Shah, George A. Diamond, 
Daniel S. Berman, and John G. Ferguson 


713 


Effects of Earir Captopril Administration on Infarct 


Expansion, Left Ventricular Remodeling and Exercise 
Capacity After Acute Myocardial Infarction 

Keith G. Oldroy= Maurice P. Pye, Simon G. Ray, James 
Christie, lan Ford, Stuart M. Cobbe, and Henry J. Dargie 


719 


impaired Respənse of Atrial Natriuretic Factor to Blood 


Volume Expansion in Acute Right Ventricular 
infarction 

Antonio Serra, “ladimir Jimenez, Marc Ribas, Xavier Bosch, 
Carlos Paré, Francisca Rivera, and Ginés Sanz, with the 
technical assistance of Pepita Moya and Isabel Muñoz 


725 


Beat-to-Beat Eectrocardiographic Morphology 


Variation in C+ronic Ischemic Heart Disease 
Shlomo A. Ben-Haim, Bruno Becker, Yeouda Edoute, Mira 
Kochanovski, Criy Azaria, Elieser Kaplinsky, and Yoram Palti 


729 


Significance of Silent Myocardial Ischemia During 


Exercise Testmg in Patients with Diabetes Mellitus: A 
Report from tre Coronary Artery Surgery Study 
(CASS) Registry 

Donald A. Weina-, Thomas J. Ryan, Lori Parsons, Lloyd D. 
Fisher, Bernarc 3. Chaitman, L. Thomas Sheffield, and Felix 
E. Tristani 


1776 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 


735 

Asymptomatic Myocardial Ischemia During 
Percutaneous Transhuminal Coronary Angioplasty and 
Importance of Frior Q-Wave Infarction and Diabetes 
Mellitus 

Bradley G. Titus and C. Todd Sherman 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


741 

Efficacy and Safety of Intravenous and Oral 
Propafenone in Pediatric Cardiac Dysrhythmias 
Annette Reimer, Thomas Paul, and Hans-Carlo Kallfelz 


745 


Complex Ventricular Ectopic Activity in Patients <20 


Years of Age With or Without Syncope, and the Role of 
Ventricular Extrastimulus Testing 

Mohamed A. Seligm, D. Woodrow Benson, Jr., Janette F. 
Strasburger, and C. Elise Duffy 


751 


Quantitative Analysis of Signal-Averaged P Waves in 


Idiopathic Paroxysmal Atrial Fibrillation 
Peter J. Stafford, lan Turner, and Richard Vincent 


756 


Diagnostic Accaracy of Exercise Thallium-201 Single- 


Photon Emission Computed Tomography in Patients 
with Left Bundle Branch Block 
George Larcos, Raymond J. Gibbons, and Manuel L. Brown 


SYSTEMIC HYPERTENSION 


761 


Midventricular Dbstruction Associated with Chronic 


Systemic Hypertension and Severe Left Ventricular 
Hypertrophy 

Michael R. Harrison, C. Gary Grigsby, Stephen K. Souther, 
Mikel D. Smith, end Anthony N. DeMaria 


CARDIOMYOPATHY 


TOD a ee 
Adrenergic Hypersensitivity After Beta-Blocker 
Withdrawal in Hypertrophic Cardiomyopathy 

David M. Gilligan Wan L. Chan, Ralph Stewart, and Celia M. 
Oakley, with the technical assistance of Shirley Krikler and ` 
Jayshree Joshi 


MISCELLANEOUS 


773 


Echocardiographic Determination of Aortic and 


Pulmonary Valve Areas in Subjects with Normal Hearts 
Howard P. Gutgesell and Margaret French 


777 Eben 
Circadian Variation and Influence of Risk Factors on 
Heart Rate Variability in Healthy Subjects 


Henning Mgigaard, Keid E. Sørensen, and Preben Bjerregaard 
BRIEF REPORTS 


Sudden Death During Ambulatory Elecirocardiographic 
Monitoring 

Carl J. Pepine, Joel Morganroth, John T. McDonald, and 
Sidney O. Gottlieb 


DECEMBER 15, 1991 


~~ 


: 


+ 


L 


í 


a, 


Sei 


4 


788 


Prevalence of Non-Q-Wave Acute Myocardial Infarction 


with Total Angiographic Occlusion of the Left 
Circumflex Coronary Artery Within Eight Weeks of 
Infarction 

Joel S. Landzberg and W. Barton Campbell 


790 


Cardiopulmonary Support Increases Morbidity and 


Mortality in High-Risk Coronary Angioplasty 

Harry Feld, Itzhak Herz, Gordon Fried, Alvin Greengart, 
Gerald Hollander, Edgar Lichstein, Nancy Schulhoff, Linda 
Budzilowicz, Robert Frankel, and Jacob Shani 


793 

Lack of Pain During Myocardial Infarction in 
Diabetics — Is Autonomic Dysfunction Responsible? 
Devikumar U. Acharya, Y. Chandra Shekhar, Anupam 
Aggarwal, and Inder S. Anand 


796 


Late Intravenous Gamma Globulin Treatment in Infants 


and Children with Kawasaki Disease and Coronary 
Artery Abnormalities 

Maurizio Marasini, Giacomo Pongiglione, Diego Gazzolo, 
Antonio Campelli, Dionigi Ribaldone, and Salvatore 
Caponnetto 


798 


Evidence Suggesting Time-Dependent Recovery of 


Excitability in the In Vivo Human Sinus Node 
James A. Reiffel, James A. Cook, and Marc D. Meissner 


800 

Survival In Patients Declining Implantable 
Cardioverter-Defibrillators 

Sergio L. Pinski, Elena B. Sgarbossa, James D. Maloney, and 
Richard G. Trohman 


802 


Cardiac Tamponade Complicating Mitral Balloon 


Valvuloplasty 

Manuel Pan, Alfonso Medina, José Suárez de Lezo, Enrique 
Hernandez, Miguel Romero, Djordje Pavlovic, Francisco 
Melian, José Segura, Manuel Roman, Anastasio Montero, 
José Morales, Manuel Franco, Angela Montijano, and 


Federico Vallés 


Effects of Abstinence on Alcoholic Heart Muscle 


Disease 
Ashok J. Jacob, Kathryn M. McLaren, and Nicholas A. Boon 


807 


Intraoperative Balloon Valvuloplasty for Critical Aortic 


Valvular Stenosis in Neonates 
Steven R. Neish, Martin P. O’Laughlin, Michael R. Nihill, 
David A. Ott, and Denton A. Cooley 


810 


Still’s-Like Innocent Murmur Can be Produced by 


Increasing Aortic Velocity to a Threshold Value 
Scott E. Klewer, Richard L. Donnerstein, and Stanley J. 
Goldberg 


813 


Increased Lipid Peroxidation In Cyclosporin-Treated 
- Heart Transplant Recipients 


Yves Chancerelle, Michel de Lorgeril, Roseline Viret, Benoit 
Chiron, Georges Dureau, Serge Renaud, and Jean-François 
Kergonou 


CASE REPORTS 


$17 Le ape a 
Libman-Sacks Endocarditis Mimicking Intracardiac 
Tumor 

Alan F. Appelbe, David Olson, Ronald Mixon, Joseph M. 
Craver, and Randolph P. Martin 


819 Se 
Usefulness of Corticosteroid Therapy for Protein- 
Losing Enteropathy After the Fontan Procedure 

Jack Rychik, David A. Piccoli, and Gerald Barber 


Balloon Dilatation of a Stenotic Waterston Shunt with 
Long-Term Follow-Up 
Janet N. Scheel, Timothy J. Gardner, and Jean S. Kan 


823 

Acute Myocardial Infarction After Ergonovine 
Administration for Uterine Bleeding 

James K. Liao, Barbara A. Cockrill, and Peter M. Yurchak 


825. ee 
Successful Radiofrequency Catheter Ablation of 
Accessory Pathways That Recurred After Surgery 
Peng-Sheng Chen, Gregory K. Feld, Walter P. Dembitsky, 
Jolene M. Kriett, R. Peter Fleck, Edmund J. Brennan, and 
Stanley C. Henjum 


827 EE 
Atrial Septal Aneurysm Mimicking a Right Atrial Mass 
on Transesophageal Echocardiography 

Joon Kuan Yeoh, Alan F. Appelbe, and Randolph P. Martin 


READERS’ COMMENTS 


829 Ee 
Effects of Nifedipine on Total Ischemic Activity in 
Angina and the Importance of In-Hospital Psychological 
Stress in Myocardial Infarction 


Systolic Excursion of the Mitral Anulus as an Index of 
Left Ventricular Systolic Function 


830 

Anticardiolipin Antibody Titers in Patients with 
Myocardial Infarction 

| ae 
Diagnosing and Differentiating a Doubly Committed 
Ventricular Septal Defect from Obstruction in the 
Outflow Tract of the Right Venice 

Natural History of Cardiac Rhabdomyoma 

Metoprolol as Antihypertensive Drug 


832 ee ee ee 
Bidirectional ST Shift in Ischemic Right Ventricle 


833 
Cocaine and Myocardial Infarction 


What’s in a Name? 


834 
A New Pericardiocentesis Set 


CONTENTS INDEX 1777 


Quantitative Amiysis of Wenckebach Periodicity 


836 


Medical Versus Surgical Management of Intracardiae 


Rhabdomyom>: 
837 


Atrial Natriure:c Peptide and Cyclic Guanosine 


Monophosphate Response to Cardioversion of Atrial 
Flutter or Fibsi-ation 


“Anything to e done right has got to be dene by 
people that make their living at it” 


Ventricular La-2 Potentials in Patients with Acute 
Myocardial Inf=sction and Early Thrombolytic 
Treatment 


Parental History of Acute Myocardial Infarction and 


Coronary Arte Disease in Men 

839 

Right Bundle E-anch Block Induced by Right 
Ventricular Irmeeetyement in Inferior Wall Left 
Ventricular Ate Mycardial Infarction 
Anatomic and [iectric Correlations of the Heart 


840 


Ventricular Tachycardia and Accelerated Ventricular 


Rhythm Prese-ting in the First Month of Life 
841 


Mechanical Fasure of a St. Jude Medical Prosthesis 


842 


Antibody HAS56 is Not Macrophage-Specific in Vein 


Autografts 


INSTRUCTIORS TO AUTHORS on page 740 
OCTOBER 1, 1291, VOL. 68, NO. 9 


CORONARY A=TERY DISEASE 


843 

Comparison ct Risk and Patterns of Practice in 
Patients Older and Younger than 70 Years with Acute 
Myocardial Irtarction in a Two-Year Period 
(1987-1989: 

Terrence J. Mcazague, Roland M. Ikuta, Roger Y. Wong, 
Kyung S. Bay, ecn K. Teo, and Norman J. Davies 


848 


Effects of Earir Thrombolytic Therapy (Anistreplase 


Versus Streptekinase) on Enzymatic and 
Electrocardiozzaphic Infarct Size in Acute Myocardial 
infarction 

Labros Karago-r-is, Fidela Moreno, Ronald L. Menlove, 
Steven Ipsen, .<frey L. Anderson, and the TEAM-2 
Investigators 


857 


Long-Term EF cacy of Continuous and Intermittent 


Use of Transdé=rmal Nitroglycerin in Stable Angina 
Pectoris 
Paul A. de Milliz~o, Rudolph W. Koster, Frits W. Bar, Johan 


Janssen, Carel d= Cock, Adri Schelling, and Arjan van de Bos 


863 


Effectiveness of Probucol in Reducing Plasma Low- 


Density Lipoprotein Cholesterol Oxidation in 
Hypercholesterolemia 

Luis Masana, M. Teresa Bargalló, Nuria Plana, Agnes LaVille, 
isidre Casais, and Rosa Sola 


868 

Evaluation of Transient Mitral Regurgitation in 
Coronary Artery Disease 

George Fehrenbacher, Donald H. Schmidt, and William J. 
Bommer 


874 


Effects of Low-Dose Aspirin on Restenosis After 


Coronary Angioplasty 
Roger R. Taylor, Frances A. Gibbons, Geoffrey D. Cope, G. 
Neil Cumpston, Geoffrey C. Mews, and Peta Luke 


879 


in-Hospital Costs Associated with New Percutaneous 


Coronary Devices 
Ronald J. Dick, Jeffrey J. Popma, David W.M. Muller, Karen 
A. Burek, and Eric J. Topol 


887 

Prevalence, Characteristics and Significance of 
Ventricular Premature Complexes and Ventricular 
Tachycardia Detected by 24-Hour Continuous 
Electrocardiographic Recording in the Cardiac 
Arrhythmia Suppression Trial 

Pablo Denes, Anne M. Gillis, Yudi Pawitan, James M. 
Kammerling, Lars Wilhelmsen, David M. Salerno, and the 
CAST Investigators. 


897 


Clinical and Electrophysiologic Characteristics of 


Exercise-Related Idiopathic Ventricular Tachycardia 
Lluis Mont, Tamer Seixas, Pedro Brugada, Josep Brugada, 
Frank Simonis, Luz M. Rodriguez, Joep L.R.M. Smeets, and 
Hein J.J. Wellens 


901 


Periodicity of Global Ventricular Activation of Sinus 


Beats in Patients with Ischemic Heart Disease and 
Sustained Ventricular Tachycardia 
Nancy A. Branyas, Dennis M. Cassidy, and Michael E. Cain 


909 

A Cellular Transtelephonic Defibrillator for 
Management of Cardiac Arrest Outside the Hospital 
Gavin W.N. Dalzell, Pascal P. McKeown, Michael J.D. 
Roberts, and A.A. Jennifer Adgey 


913 


Lack of Reproducibility of Frequency Versus Time 


Domain Signal-Averaged Electrocardiographic 

Analyses and Effects of Lead Polarity in Coronary 
Disease 

William Emmot, and James L. Vacek 


SYSTEMIC HYPERTENSION 


918 


Exercise-Induced Secretion of Atrial Natriuretic Factor 


and its Relation te Hemodynamic and Sympathetic 


Stimulation in Untreated Essential Hypertension 


Robert J. Cody, Spencer H. Kube, John H Laragh, Steven A. 


Atlas, Alex Shaknovich, and Kathleen Ryman 


1778 THE AsCFICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 





ARRHYTHMIAS AND CONDUCTION DISTURBANCES | 


LA 


925 

Influence of the Arterial Blood Pressure and 

Nonhemodynamic Factors on Left Ventricular 

l Hypertrophy in Moderate Essential Hypertension 

f Frank R. Bauwens, Daniel A. Duprez, Marc L. De Buyzere, 
Tine L. De Backer, Jean M. Kaufman, José Van Hoecke, Alex 

Vermeulen, and 

Denis L. Clement 


VALVULAR HEART DISEASE 


930 

Effectiveness of Percutaneous Balloon Mitral 
Valvotomy During Pregnancy 

Cesar A. Esteves, Auristela 1.0. Ramos, Sergio L.N. Braga, J. 
Kevin Harrison, and J. Eduardo M.R. Sousa 


935 

Effects of Long-Term Vasodilator Therapy on 
Electrocardiographic Abnormalities in Chronic Aortic 
Regurgitation 

Richard Wilson, Neal Perlmutter, Nils Jacobson, Deirdre 

$ Siemienczuk, Jadwiga Szlachcic, J. David Bristow, Melvin 
o Cheitlin, Barry Massie, and Barry Greenberg 


940 


Effects of Percutaneous Mitral Valvuloplasty on Left 


Ventricular Mass and Volume 
Marc D. Tischler, Martin St. John Sutton, John A. Bitti, and 
John D Parker 


MISCELLANEOUS 


945 


Effects of Exercise on Left Ventricular Diastolic 


Performance in Trained Athietes 
J. V. Nixon, Alasdair R. Wright, Thomas R. Porter, Valerie 
Roy, and James A. Arrowood 


950 


Age-Related Changes in Aortic Elasticity Determined 


by Gated Radionuclide Angiography in Patients with 
Systemic Hypertension or Healed Myocardial Infarcts 
_ and in Normal Subjects 
f Michio Shimojo, Nobuyuki Tsuda, Toshiji lwasaka, and Mitsuo 
Inada 


EDITORIALS 


954 


Are We Biased in Our Approach to Treating Elderly 


Patients with Heart Disease? 
Salim Yusuf and Curt D. Furberg 


BRIEF REPORTS 


957 


Value of the Electrocardiogram for Prediction of Left 


Ventricular Mural Thrombus in Anterior Wall Acute 
Myocardial Infarction 

Alik Sagie, Boris Strasberg, Shula Imbar, Eldad Rechavia, and 
Samuel Sclarovsky 


{ 959 


A Platelet Function and Plasma Lipid Levels in Patients 


“with Stable and Unstable Angina Pectoris 
Elena J. Vasilieva, Alexander V. Shpector, Aleksey B. 
Raskuragev, Svetlana S. Lekochmacher, and Inna A. 
Bespalko 


Eege 
Two-Dimensional Echocardiographic Characteristics of 
Pericardial Hematoma Secondary to Left Ventricular 
Free Wall Rupture Complicating Acute Myocardial 
infarction 

Martin Brack, Richard W. Asinger, Scott W. Sharkey, Charles 
A. Herzog, and Morrison Hodges 


Can Patients Discriminate Between Atrial Fibrillation 
and Regular Supraventricular Tachycardia? 
James W. Leitch, George J. Klein, and Raymond Yee 


967 EE 
Cause of Acute Myocardial Infarction After Successful 
Coronary Angioplasty 

Richard Kerensky, Michael Kutcher, Michael Mumma, Robert 
J. Applegate, and William C. Little 


971. Ee 
Sudden Death Due to Ventricular Tachycardia During 
Amiodarone Therapy in Familial Hypertrophic 
Cardiomyopathy 

David M. Gilligan, Constantinos G. Missouris, Malcolm J. 
Boyd, and Celia M. Oakley 


Sa a a a a a 
Relation of Clinical and Angiographic Factors to 
Functional Capacity as Measured by the Duke Activity 
Status Index 

Charlotte L. Nelson, James E. Herndon, Daniel B. Mark, 
David B. Pryor, Robert M. Califf, and Mark A. Hlatky 


DO 
Dobutamine Stress Echocardiography for Assessment 
of Cardiac Risk Before Noncardiac Surgery 

Richard T. Lane, Stephen G. Sawada, Douglas S. Segar, 
Thomas Ryan, Stephen G. Lalka, Roxanne Williams, Stephen 
E. Brown, William F. Armstrong, and Harvey Feigenbaum 


977 

Hematocrit Fluctuations After Percutaneous 
Transluminal Coronary Angioplasty 

Eric S. Roccario, Marc J. Schweiger, Steven S. Whitfield, 
William Stikley, Thomas Weil, Anthony Urbano, and Mark 
Porway 


979 ` EE 
Dynamics of Atrioventricular Nodal Conduction Ratios 
During Conversion of 2:1 into 3:1, 4:1 and 5:1 
Atrioventricular Block 

Agustin Castellanos, Pedro Fernandez, Alberto Interian, Jr., 
Marilyn M. Cox, and Robert J. Myerburg 


982 
Correction 


INSTRUCTIONS TO AUTHORS on page 886 


OCTOBER 15, 1991, VOL. 68, NO. 10 


CORONARY ARTERY DISEASE 


983 dee 
Enhanced Effectiveness of Combined Sustained- 
Release Forms of Isosorbide Dinitrate and Diltiazem for 
Stable Angina Pectoris 

Günter Lehmann, Günther Reiniger, Hans-Ullrich Haase, and 
Werner Rudolph 


CONTENTS INDEX 1779 


991 

Increased Plas-na Level of Endothelin-1-Like 
immunoreactiaaty During Coronary Spasm in Patients 
with Coronary Spastic Angina 

Kozaburo Mats GLama, Hirofumi Yasue, Ken Okumura, 
Yoshihiko Saite, Razuwa Nakao, Gotaro Shirakami, and Hiroo 
Imura 


996 


Evidence of Erdothelial Dysfunction in Coronary 


Resistance Vessels in Patients with Angina Pectoris 
and Normal Ceronary Angiograms 

Wolfgang Motz, Martin Vogt, Oliver Rabenau, Sibylle Scheler, 
Andreas Lickh3x> and Bodo Eckehard Strauer ` ` 


1004 


Usefulness of ‘oral Nisoldipine for Stable Angina 


Pectoris 
William H. Frishnan, Mark Heiman, for the Nisoldipine 
Multicenter Angna Study Group 


1011 

Alcohol Intakz and Nonfatal Acute Myocardial 
Infarction in Japan 

Suminori Kona, Koichi Handa, Tomoki Kawano, Tadayuki 
Hiroki, Yasushi -shihara, and Kikuo Arakawa 


1015 

Thrombolytic Therapy in Patients Requiring 
Cardiopulmonary Resuscitation 

Alan N. Tenagle, Robert M. Califf, Richard J. Candela, Dean 
J. Kereiakes, Eat Berrios, Sharon Y. Young, Richard S. 
Stack, and Eric... Topol 


1020 


Risk of Throw-bosis During Coronary Angioplasty with 


Low Osmolali-w Contrast Media 
Enrique Espluges, Angel Cequier, Francisco Jara, Josepa 
Mauri, Teresa =oler, Juan Sala, and Xavier Sabate 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1025 


An Antiarrhythmic Drug Experience in 941 Patients 


Resuscitated Tom an Initial Cardiac Arrest Between 
1970 and 1¢35 

Alfred P. Hallsz om, Leonard A. Cobb, Ben Hui Yu, W. 
Douglas Weaver and Carol E. Fahrenbruch 


1032 


Neurally Med:ated Syncope Detected by Carotid Sinus 


Massage and Head-Up Tilt Test in Sick Sinus 
Syndrome 

Michele Brigno, Carlo Menozzi, Lorella Gianfranchi, Daniele 
Oddone, Gino Lolli, and Antonio Bertulla 


1037 

Usefulness of the AHA Interval to Accurately 
Distinguish Atrioventricular Nodal Reentry from 
Orthodromic Septal Bypass Tract Tachycardias 
John M. Miller, Vark E Rosenthal, Charles D. Gottlieb, 
Joseph A. Vasseilo, and Mark E. Josephson, with the 
technical assis: ance of T. Franz Orishimo 


1045 

Distribution Patterns of Ventricular Premature 
Complexes it Long-Term Electrocardiographic 
Recordings aad Their Usefulness in Disclosing 
Modulated Farasystole 

Göran Nilssor,. Hans Ahifeldt, Tom Ahrén, and Tommy 
Jonasson 


1780 THE «vERICAN JOURNAL OF CARDIOLOGY VOLUME 68 


rar A ARN SOOO e OO 


CARDIOMYOPATHY 


1049 

Left Atrial Afterioad Mismatch in Hypertrophic 

Cardiomyopathy 

Hiroto Sanada, Masami Shimizu, Kuniyoshi Shimizu, 

Yoshihito Kita, Norihiko Sugihara, and Ryoyu Takeda 


CONGENITAL HEART DISEASE 


1055 


Determinants of Outcome in Hospitalized Infants with 


Congenital Heart Disease 
Gail D. Pearson, Catherine A. Neill, Timothy M. Beittel, and 
Langford Kidd 


MISCELLANEOUS 


1060 


improvement in Exercise Capacity After Correction of 


Anemia in Patients with End-Stage Renal Failure 
Marco Metra, Giuseppe Cannella, Giovanni La Canna, Tiziana 
Guaini, Massimo Sandrini, Mario Gaggiotti, Ezio Movilli, and 
Livio dei Cas 


1067 


Combined Ambulatory Electroencephalographic and 


Electrocardiographic Recordings for Evaluation of 
Syncope 
Lou-Anne M. Beauregard, Rosemary Fabiszewski, Caprice H. 
Black, Barbara Lightfoot, Paul L. Schraeder, Travis Toly, and 
Harvey L. Waxman 


1073 


Determination of Left Atrial Area and Volume by 


Cross-Sectional Echocardiography in Healthy Infants 
and Children 

Roland Hofstetter, Peter Bartz-Bazzanella, Heiner Kentrup, 
and Götz von Bernuth 


1079 


Laser-Assisted Versus Mechanical Recanalization of 


Femoral Arterial Occlusions 

Jonathan M. Tobis, Robert Conroy, Larry-Stuart Deutsch, fan 
Gordon, Junko Honye, Jeff Andrews, Glen Profeta, Sherrie 
Chatzkel, and Michael Berns 


BRIEF REPORTS 


1087 

National Cholesterol Education Program’s 
Recommendations, and Implications of “Missing” 
High-Density Lipoprotein Cholesterol in Cardiac 
Rehabilitation Programs 

Carl J. Lavie and Richard V. Milani 


1089 

Usefulness of Magnetic Resonance Imaging for 
Diagnosis of Acute Myocarditis in Infants and Children, 
and Comparison with Endomyocardial Biopsy 

M. Giulia Gagliardi, Maurizio Bevilacqua, Paolo Di Renzi, 
Sergio Picardo, Roberto Passariello, and Carlo Marcelletti 


1091 

incidence of QT Interval Prolongation During 
Pentamidine Therapy of Pneumocystis Carinii 
Pneumonia 

Kenneth M. Stein, Claudine Fenton, Anne Marie Lehany, 
Peter M. Okin, and Paul Kligfield 


DECEMBER 15, 19¢1 


Aer 


Za 


"SW, — 


ENEE 
Noncapturing Stimuli During the Basic Drive Shorten 
Ventricular Refractoriness 

Jonathan J. Langberg, Hugh Calkins, Jodo Sousa, Rafel EL 
Atassi, and Fred Morady 


1097 EEEE PE PEE EEA E 
Role of Dipyridamole Thallium-201 Imaging in Left 
Bundle 

Branch Block 

George Larcos, Manuel L. Brown, and Raymond J. Gibbons 


1O99- — — en 
Unexpected Ventricular Tachyarrhythmias Soon After 


Cardiac Surgery 
Peter M. Sapin, Alan K. Woelfel, and James R. Foster 


pL EE 
Effects of Beta Blockade on the Relation Between 
Heart Rate and Ventricular Diastolic Perfusion Time 
During Exercise in Systemic Hypertension 

Giuseppe Ferro, Carlo Duilio, Letizia Spinelli, Marco 
Spadafora, Franco Guarnaccia, and Mario Condorelli 


1103_ Ci‘ — 

Usefulness of Hydralazine to Withdraw from 
Debutamine in Severe Congestive Heart Failure 

Philip F. Binkley, Randall C. Starling, Donald F. Hammer, and 
Carl V. Leier 


1106 tbe 
Assessment of the Mitral Valve Splitability Score by 
Transthoracic and Transesophageal Echocardiography 
Thomas H. Marwick, Julius Torelli, Timothy Obarski, Paul N. 
Casale, and William J. Stewart 


a ee 
Clinical and Anatomic Observations in Patients Having 
Mitral Vaive Replacement for Pure Mitral 
Regurgitation and Simultaneous Tricuspid Valve 
Replacement 

William C. Roberts and Erik A. Eways 


Iili -n ee 
Effectiveness of Percutaneous Balloon Valvuloplasty in 
Adults with Pulmonic Valve Stenosis 

Howard C. Herrmann, James A. Hill, Jane Krol, J. Patrick 
Kleaveland, and Cari J. Pepine, for the M-Heart Registry 


OG a E a ee ee ee eee EN Pere 
Plasma Endothelin-1 Levels in Idiopathic Dilated 
Cardiomyopathy 

Michiaki Hiroe, Yukio Hirata, Naoya Fujita, Shigeo Umezawa, 
Hiroshi Ito, Motoyoshi Tsujino, Akira Koike, Akihiko Nogami, 
Toshihiko Takamoto, and Fumiaki Marumo 


4116_ oo o n I 
Frequency of Respiratory Compromise After Ketamine 
Sedation for Cardiac Catheterization in Patients <21 
Years of Age 

Craig A. Greene, Paul C. Gillette, and Derek A. Fyfe 


1117 


Comparison of Cardiovascular and Renal Toxicity After 


Cardiac Catheterization Using a Nonionic Versus lonic 
Radiographic Contrast Agent 


( 
(N Michael B. Harding, Charles J. Davidson, Karen S. Pieper, 


Mark Hlatky, Steven J. Schwab, Kenneth G. Morris, James B. 
Hermiller, and Thomas M. Bashore 


READERS’ COMMENTS 


1120 
Economic Evaluation of Cholesterol Lowering 
Juhani Partanen 


FROM THE EDITOR 


TIZI a a NO 
Oft-Repeated Requests to Authors from an Editor of a 
Cardiology Journal 

William C. Roberts 


INSTRUCTIONS TO AUTHORS on page 1010 


NOVEMBER 1, 1991, VOL. 68, NO. 11 
CORONARY ARTERY DISEASE 


1123 Se EA 
Cholesterol-Lowering Effects of a 10 mg Daily Dose of 
Lovastatin in Patients with Initial Total Cholesterol 
Levels 200 to 240 mg/dl (5.18 to 6.21 mmol/liter) 
Ardon Rubinstein, Yoav Lurie, Itamar Groskop, and Moshe 
Weintrob 


Long-Term Safety and Efficacy Profile of Simvastatin 
Stephen J. Boccuzzi, Tomas S. Bocanegra, J. Findlay Walker, 
Deborah R. Shapiro, and Maureen E. Keegan 


1132 EE 
Reduced Left Ventricular Cavitary Activity (“Black 
Hole Sign”) in Thallium-201 SPECT Perfusion Images 
of Anteroapical Transmural Myocardial Infarction 

A. Cahid Civelek, Irfan Shafique, Jeffrey A. Brinker, Krzysztof 
Durski, James L. Weiss, Jonathan M. Links, T.K. Natarajan, 
Mehmet A. Ozguven, and Henry N. Wagner Jr. 


1138 GE 
Time Course and Interrelation of Reperfusion-Induced 
ST Changes and Ventricular Arrhythmias in Acute 
Myocardial Infarction 

Manfred Zehender, Stefan Utzolino, Armin Furtwängler, 
Wolfgang Kasper, Thomas Meinertz, and Hanjérg Just 


1143 

Value and Limitations of Two-Dimensional 
Echocardiography in Predicting Myocardial Infarct Size 
Win-Kuang Shen, Bijoy K. Khandheria, William D. Edwards, 
Jae K. Oh, Fletcher A. Miller, Jr., James M. Naessens, and 
Jamil Tajik 


1150 EE 
identification of “Surgical” Coronary Anatomy by 
Exercise Radionuclide Cineangiography 

James B. Wallis and Jeffrey S. Borer 


1158 Ee 
Prior Restenosis Predicts Restenosis After Angioplasty 
of a New Significant Narrowing 

Stuart J. Bresee, Alice K. Jacobs, Gary R. Garber, Nicholas 
A. Ruocco, Jr., Roger M. Mills, Bruce A. Bergelson, Thomas 
J. Ryan, and David P. Faxon 


CONTENTS INDEX 1781 


1163 


Effectiveness ef Sotalol in Preventing Supraventricular 


Tachyarrhytharias Shortly After Coronary Artery 
Bypass Grafting 

Maarten J. Suttcrp, J. Herre Kingma, Hans O. J. Peels, 
Egbert M. Koomen, Jan G. P. Tijssen, Norbert M. van Hemel, 
Jo A.M. Defauv. and Sjef M. P. G. Ernst 


1171 


Self-Perceived Psychological Stress and Incidence of 


Artery Disease in Middle-Aged Men 
Annika Rosengr=n, Gösta Tibblin, and Lars Wilhelmsen 


1176 


Pitfalls in the Determination of Absolute Dimensions 


Using Angiographic Catheters as Calibration Devices in 
Quantitative Angiography 

Donald F. Fortim Laurence A. Spero, Jack T. Cusma, 
Leonard Santorc, Robert Burgess, and Thomas M. Bashore 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1183 

Reverse Use-fsependent Effects of Sotalol 
Demonstrated by Recording Monophasic Action 
Potentials of the Right Ventricle 

Claus Schmitt, Johannes Brachmann, Martin Karch, Bernd 
Waldecker, Lilie Navarrete, Maria Montero, Thorsten Beyer, 
and Wolfgang KCbier 


1188 


Sympathetic aad Vagal Infivences on Rate-Dependent 


Changes of QT Interval in Healthy Subjects 
Riccardo Cappaco, Paolo Alboni, Paolo Pedroni, Giuseppe 
Gilli, and Gian Enrico Antonioli 


1194 


Electrophysialogic Profile of Ihopamine in Patients with 


Congestive Haart Failure and Ventricular Tachycardia 
and Relation 1> Its Effects on Hemodynamics and 
Plasma Cateckolamines 

Dirk J. Van Velchiuisen, Harry J. Crijns, Armand R. J. Girbes, 
Tom J. M. Tob= Ans C. P. Wiesfeid, and K. i. Lie 


CONGESTIVE HEART FAILURE 


1203 


Usefulness of DPC-8212, a Quinolinone Derivative, for 


Chronic Congestive Heart Failure in Patients with 
Ischemic Heart Disease or Idiopathic Dilated 
Cardiomyopathy 

Arthur M. Feldman, Kenneth L. Baughman, William K. Lee, 
Sheldon H. Gotlieb, James L. Weiss, Lewis C. Becker, and 
John E. Strobeck 


CONGENITAL. HEART DISEASE 


1211 

Doppler Assessment of Pulmonary Artery Flow 
Patterns and /entricular Function After the Fontan 
Operation 

Peter C. Frommelit, A. Rebecca Snider, Jon N. Meliones, and 
Roger P. Vermiion 


MISCELLANEOUS 


1216 


Late Potentia:s and Their Relation to Left Ventricular 


Function in Haman Immunodeficiency Virus Infection 
Judith Hsia, Steven D. Colan, Sara Adams, and Allan M. Ross 


1782 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 


een 


EDITORIALS 


1221 

Magnesium in Acute Myocardial Infarction 
(International Study of Infarct Survival 4) 
Mildred S. Seelig 


1222 
Divine Intervention 
George A. Diamond 


BRIEF REPORTS 


I a ee 
Usefulness of Echocardiography to Differentiate 
Dilated Cardiomyopathy from Coronary-Induced 
Congestive Heart Failure 

Rienzi A. Diaz, Petros Nihoyannopoulos, George 
Athanassopoulos, and Celia M. Oakley 


so EE 
Efficacy and Satety of Sotalol in Digitalized Patients 
with Chronic Atrial Fibrillation 

Steven Singh, Ravinder K. Saini, John DiMarco, Jeffrey 
Kluger, Robert Gold, Yiwang Chen, and the Sotalol Study 
Group 


FA, 5 EE 
Exercise Performance with Single Chamber Rate- 
Responsive Pacing in Congenital Heart Defects After 
Operation 

Stephen M. Paridon, Peter P. Karpawich, and William W. 
Pinsky 


1233 Se ee A 
H and L Ferritins in Myocardium in Iron Overload 

Eloisa Arbustini, Maurizia Grasso, Guido Rindi, Paolo Arosio, 
Antonello Gavazzi, Marta Diegoli, Manuela Bramerio, Sonia 
Levi, and Giovanni Barosi 


A a ee E 
Noninvasive Assessment by Pulsed Doppler Ultrasound 

of Left Ventricular Filling Behavior in Long Distance 
Runners During Marathon Race 7 
Thomas V. Störk, Martin Möckel, Hermann Eichstädt, : 
Reinhold M. Maller, and Hans Hochrein 


OE se ee a a 
Bayes’ Theorem and the Echocardiographic Diagnosis 
of Cardiac Tamponade 

Mark J. Eisenberg and Neison B. Schiller 


Og a 
Influence of Age, Body Size and Heart Rate on Left 
Ventricular Diastolic Indexes in Young Subjects 
Shannon M. Holmgren, Stanley J. Goldberg, and Richard L. 
Donnerstein 


LEAF e 
Comparison of Transesophageal and Transthoracic 
Contrast Echocardiography for Detection of a Patent 
Foramen Ovale 

Peter Siostrzonek, Massoud Zangeneh, Heinz Gössinger, 
Wilfried Lang, Georg Rosenmayr, Gottfried Heinz, Andreas 
Stümpflen, Karl Zeiler, Martin Schwarz, and Herbert 
Méssiacher 


D 
SE 


DECEMBER 15, 1991 


`a 


bh, 


1249 


Cutting Balloon: a Novel Approach to Percutaneous 


Angioplasty 
Peter Barath, Michael C. Fishbein, Sandor Vari, and James S. 
Forrester 


CASE REPORTS 


1253 


Strut Fracture and Embolization of a Bjork-Shiley 


Valve from the Tricuspid Vaive Positien 
Marc A. Silver 


1253 


Management of the Neonate with Transposition of the 


Great Arteries and Persistent Pulmonary Hypertension 
Anthony C. Chang, Gil Wernovsky, Thomas J. Kulik, Richard 
A. Jonas, and David L. Wessel 


1255 


Rupture of Congenital Sinus of Valsalva Aneurysm in a 


Newborn 
Lowell W. Perry, Gerard R. Martin, Frank M. Galioto, Jr., and 
Frank M. Midgley 


1257 


Left Main Coronary Artery Arising from the Pulmonary 


Trunk in a 56-Year-Old Patient Presenting with Acute 
Wiyocardial Infarction 

John R. Letcher, Daniel McCormick, Steve Tendler, John 
Ross, Jr., Krishnaswamy Chandrasekaran, and Stanley 
Brockman 


READERS’ COMMENTS 


1259 
Some Musings on the Egg and Me 
Arthur F. Schiff 


FROM THE EDITOR 


1260 
What Medical Students Are Asking 
William C. Roberts 


1262 
in Memory 


INSTRUCTIONS TO AUTHORS on page 1170 


NOVEMBER 4, 1991, VOL. 68, NO. 12 


A SYMPOSIUM: MECHANISMS OF MYOCARDIAL 


ISCHEMIA AND INJURY IN UNSTABLE ANGINA 
PECTORIS 


NOVEMBER 15, 1991, VOL. 68, NO. 13 
CORONARY ARTERY DISEASE 


1263 


Acute and Chronic Antianginal Efficacy of Continuous 


Twenty-Four-Hour Application of Transdermal 

Nitroglycerin 

SC Committee, Transdermal Nitroglycerin Cooperative 
tudy 


1274 E 
Digoxin-Induced Vasoconstriction of Normal and 
Atherosclerotic Epicardial Coronary Arteries 

Ciro Indolfi, Federico Piscione, Enrico Russoliilo, Bruno 
Villari, Paolo Golino, Vittorio Ambrosini, Mario Condorelli, and 
Massimo Chiariello 


1279 te 
Usefulness of Ambulatory Silent Myocardial Ischemia 
Added to the Prognostic Value of Exercise Test 
Parameters in Predicting Risk of Cardiac Death in 
Patients with Stable Angina Pectoris and Exercise- 
induced Myocardial ischemia 

Prakash C. Deedwania and Enrique V. Carbajal 


Na tt ANIN AEN 
Usefulness of Electrocardiographic Findings and 
Creatine Kinase Levels on Admission in Predicting the 
Accuracy of the Interval Between Onset of Chest Pain 
of Acute Myccardial infarction and Initiation of 
Thrombolytic Therapy 

Aernout M. Beek, Freek W. A. Verheugt, and Albert Meyer 


1291 . DEE 
Frequency of Use of Thrombolytic Therapy in Acute 
Myocardial Infarction in Israel 

Solomon Behar, Edward Abinader, Avi Caspi, Daniel David, 
Michael Flich, Yaacov Friedman, Hanoch Hod, Elieser 
Kaplinsky, Yehezkiel Kishon, Natalio Kristal, Shlomo Laniado, 
Viadimier Markiewicz, Abraham Palant, Benyamin Pelled, 
Leonardo Reisin, Tiberio Rosenfeld, Natan Roguin, Libi Sherf, 
Babeth Rabinowitz, Zwi Schlesinger, Samuel Sclarovsky, 
Izhar Zahavi, Monty Zion, and Uri Goldbourt 


1295 EE 
Effect of Propranolol (Long-Acting) on the Circadian 
Fluctuation of Tissue-Plasminogen Activator and 
Plasminogen Activator Inhibitor-1 

Felicita Andreotti, Cornelis Kiuft, Graham J. Davies, Linda 
G.M. Huisman, Anton C.W. de Bart, and Attilio Maseri 


1300 ee 
Specificity and Sensitivity of QRS Criteria for Diagnosis 
of Single and Multiple Myocardial Infarcts 

Olle Pahim, Wesley K. Haisty, Jr., Nancy B. Wagner, James 
E. Pope, and Galen $. Wagner 


1305 _ a re EEATT 
Intracoronary Ultrasound Evaluation of Interventional 
Technologies 

Charles J. Davidson, Khalid H. Sheikh, Katherine B. Kisslo, 
Harry R. Phillips, Robert H. Peter, Victor S. Behar, Yihong 
Kong, Mitchell Krucoff, E. Magnus Ohman, James E. Tcheng, 
and Richard S. Stack 


1 Li & | | EE 
Usefulness of Morphologic Parameters in Predicting 
the Outcome of Coronary Excimer Laser Angioplasty 
Andreas Baumbach, Karl K. Haase, and Karl R. Karsch 


1316 EE 
Early and Late Results of Coronary Angioplasty and 
Bypass in Octogenarians 

Matthew J. Mick, Conrad Simpfendorfer, Anita Z. Arnold, 
Marion Piedmonte, and Bruce W. Lytle 


CONTENTS INDEX 1783 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1321 


Effects of Inceeased Heart Rate and Sympathetic Tone 


on Intraventri=ular Electrogram Morphology 
Cynthia J. Finel, Lorenzo A. DiCarlo, Janice M. Jenkins, 
Stuart A. Winst3n, and Pai-Chi Li 


1329 


Role of Concealed and Supernormal Conductions 


During Atrial ibrillation in the Preexcitation Syndrome 
Peng-Sheng Chen and Eric N. Prystowsky 


1335 


Superior Vena Cava Flow and Tricuspid Anular Motion 


After Cardioversion of Atrial Fibrillation, and Role of 
Right Atrial Felaxation on Systolic Venous Return 
Hiroshi Ochi, Sro Izumi, Rinji Murakami, Toshio Shimada, 
Shigefumi Moréka, and Katsutoshi Moriyama 


1340 


Operative Moardality with implantation of the Automatic 


Cardioverter-Defibrillator 
Robert D Mosceller, Michael H Lehmann, Andra C. Thomas, 
Kenneth Jacks=n, and Participating Investigators 


SYSTEMIC HTPERTENSION 


1346 

Hemodynamic Comparison of Two Nifedipine 
Formulations in Patients with Essential Hypertension 
Edward D. Frotrich, Mario J. McLoughlin, Christoph J. 
Losem, Reinhérd Ketelhut, and Franz H. Messerli 


1351 


Effect of Nifecipine Tablets on Ambulatory Blood 


Pressure in Fatients Aged <60 and >65 Years with 
Systemic Hypertension 

Iwao Kuwajimé. Yasuko Suzuki, Tatsuo Shimosawa, Kuniaki 
Otsuka, Hirosktt Kawamura, and Kizuko Kuramoto 


1357 


Effects of Hycrochlorothiazide, Diltiazem and Enalapril 


on Mononucizar Cell Sodium and Magnesium Levels in 
Systemic Hyp2rtension 

Abraham $. Abraham, Barry A. Brooks, Yisrael Grafstein, 
Ester Barchilon. Nafez Nubani, Uri Eylath, and Ovadia 
Shemesh 


1362 


Response to Mental and Physical Stress Before and 


During Adresoreceptor Blocker and Angiotensin- 
Converting Exzyme Inhibitor Treatment in Essential 
Hypertension 

Esther Paran, Lily Neumann, Natalio Cristal, and David T. 
Lowenthal 


VALVULAR ©EART DISEASE 


1367 


Clinical and Anatomic Observations in Patients Having 


Mitral Vaive Replacement for Mitral Stenosis and 
Simultaneous Tricuspid Valve Replacement 
Erik A. Eways =nd William C. Roberts 


CARDIOMYOPATHY 


1372 E 
Prognostic Features of Children with Idiopathic Dilated 


Cardiomyopathy 

Henry B. Wiles, Fetrick D. McArthur, Ashby B. Taylor, Paul C. 
Gillette, Derek A. Fyfe, John P. Matthews, and Leslie W. 
Shelton 


CONGENITAL HEART DISEASE 


1377 See ah E 
Effect of Digoxin on Contractility and Symptoms in 
Infants with a Large Ventricular Septal Defect 

Thomas R. Kimball, Stephen R. Daniels, Richard A. Meyer, 
David W. Hannon, Jason Tian, Rakesh Shukla, and David C. 
Schwartz 


MISCELLANEQGUS 


1383 

Age-Related Variation In Contractility Estimate in 
Patients <20 Years of Age 

Thomas R. Kimball, Stephen R. Daniels, Philip Khoury, and 
Richard A. Meyer 


KEEN 
Sudden Unexpected Death in Persons <40 Years of 
Age 

Yaacov Drory, Yoseph Turetz, Yehuda Hiss, Boaz Lev, 
Enrique Z. Fismén, Amos Pines, and Mordechai H Kramer 


EDITORIAL 


1393 
The Mystery of Nitrate Resistance 
Jonathan Abrams 


BRIEF REPORTS 


1397 

Reproducibility and Relation to the Degree of 

Myocardial ischemia of Postexercise 

Electrocardiographic Changes in 
Stable Angina Pectoris 

Giuseppe Pupita, Ornella Mattei, Domenico Mazzara, 

Maurizio Centanni, Gino Fabrizio Ferretti, Carla Rimatori, 

Paolo Dess.-Fulgheri, Paolo Russo and Alessandro Rappelli 


Hemodynamic Resistance to Intravenous Nitroglycerin 
In Severe Congestive Heart Faifure And Restored 
Response After Diuresis 

Philip Varriale, Wiliam J. David, and Basil E Chryssos 


NOVEMBER 13, 1991, VOL. 68, NO. 14 


A SYMPOSIUM: VENTRICULAR REMODELING AND 
UNLOADING FOLLOWING MYOCARDIAL INFARCTION 


1784 THE AERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1¢91 


eene 


h 


DECEMBER 1, 1991, VOL. 68, NO. 15 
CORONARY ARTERY DISEASE 


1403 


Relation Between Acute Ventricular Arrhythmias, 


Ventricular Late Potentials and Mortality in Acute 
Myocardial Infarction 

Ma Hong, Thomas Peter, Werner Peters, Fang Z. Wang, Yuxu 
Xiu, Carol Vaughn, and Eli S. Gang 


1410 


Importance of Myocardial Infarct Artery Patency on 


the Prevalence of Ventricular Arrhythmia and Late 
Potentials After Thrombolysis in Acute Myocardial 
infarction 

Frank V. Aguirre, Morton J. Kern, Judith Hsia, Harvey 
Serota, Denise Janosik, Terry Greenwalt, Allan M. Ross, and 
Bernard R. Chaitman 


1417 


Usefulness of QRST Time-integral Values of 12-Lead 


Electrocardiograms in Diagnosing Healed Myocardial 
Infarction Complicated by Left Bundle Branch Block 
Masayoshi Adachi, Hiroshi Hayashi, Makoto Hirai, Yasushi 
Tomita. Yoshio Ichihara, Akira Suzuki, Kazumasa Kondo, 
Haruo Inagaki, and Hidehiko Saito 


1425 


Effects of High Density Lipoprotein on Acetylcholine- 


Induced Coronary Vasoreactivity 
Frederick E. Kuhn, Emile R. Mohler, Lowell F. Satler, 
Kathleen Reagan, David Y. Lu, and Charles E. Rackley 


1431 


Effects of Serum Lipid Levels on Restenosis After 


Coronary Angioplasty 
Gregg J. Reis, Richard E Kuntz, David |. Silverman, and 
Richard C. Pasternak 


1436 


Rationale and Design of a Secondary Prevention Trial 


of Lowering Normal Plasma Cholesterol Levels After 
Acute Myocardial Infarction: The Cholesterol and 
Recurrent Events Trial (CARE) 

Frank M. Sacks, Marc A. Pfeffer, Lemuel Moye’, Lisa E. 
Brown, Peggy Hamm, Thomas G. Cole, C. Morton Hawkins, 
and Eugene Braunwald 


1447 


Causes and Correlates of Death After Unsupported 


Coronary Angioplasty: Implications for Use of 
Angioplasty and Advanced Support Techniques in 
High-Risk Settings 

Stephen G. Ellis, Richard K. Myler, Spencer B. King Ill, John 
S. Douglas, Jr., Eric J. Topol, Richard E Shaw, Simon H. 
Stertzer, Gary $. Roubin, and Mary C. Murphy 


1452 


Value of Transesophageal Echocardiography During 


Complex or High-Risk Coronary Interventions in the 
Cardiac Catheterization Laboratory 

Gregory S. Pavlides, Andrew M. Hauser, Patricia |. Dudlets, 
Steven L. Almany, Cindy L. Grines, and William W. O’Neill 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1458 SE 
Effects of Cardiac Denervation on Atrioventricular 
Nodal Accommodation and Hysteresis 

Bryan E. Fuhs and Kenneth A. Ellenbogen 


CONGESTIVE HEART FAILURE 


1465 

Initial Blood Pressure Response to Enalapril in 
Hospitalized Patients (Studies of Left Ventricular 
Dysfunction [SOLVD)) 

William B. Hood, Jr., Marston Youngblood, Jalal K. Ghali, 
Marette Reid, William J. Rogers, Donna Howe, Koon K. Teo, 
and Thierry H. LeJemtel, for the SOLVD Investigators 


VALVULAR HEART DISEASE 


Sc U 
Systemic and Left Ventricular Responses to Exercise 
Stress in Asymptomatic Patients with Valvular Aortic 
Stenosis 

Christopher A. Clyne, James A. Arrighi, Barry J. Maron, 
Vasken Dilsizian, Robert O. Bonow, and Richard O. Cannon Ill 


LAT i ee a 
Doppler Echocardiographic Findings in Adults With 
Severe Symptomatic Valvular Aortic Stenosis 

Catherine M. Otto, Rick A. Nishimura, Kathryn B. Davis, 
Katherine B. Kisslo, Thomas B. Bashore, and the Balloon 
Valvuloplasty Registry Echocardiographers 


Doppler Echocardiographic Estimation of Mitral Valve 
Area During Changing Hemodynamic Conditions 
Alan C. Braverman, James D. Thomas, and Richard T. Lee 


CONGENITAL HEART DISEASE 


E CN WEE 
Late Results (30 to 35 Years) After Operative Closure 
of isolated Ventricular Septal Defect from 1954 to 
1960 

James H. Moller, Ceeya Patton, Richard L. Varco, and C. 
Walton Lillehei 


1498 EE 
Comparison of Transcranial Doppler Uitrasoumd and 
Transesophageal Contrast Echocardiography in the 
Detection of Interatrial Right-to-Left Shunts 

James J. Nemec, Thomas H. Marwick, Ronald J. Lorig, 
Malcolm B. Davison, Marc I. Chimowitz, Harvey Litowitz, and 
Ernesto E. Salcedo 


MISCELLANEOUS 


1503... Sa es te T 
Effect of Digoxin on ST-Segment Changes Detected by 
Ambulatory Electrocardiographic Monitoring in 
Healthy Subjects. 

Aryan N. Mooss, John A. Prevedel, Syed M. Mohiuddin, 
Daniel E. Hilleman, and Michael H. Sketch, Sr. 


1507. EE 
Two-Dimensional Contrast Echocardiography in the 
Detection and Follow-Up of Congenital Pulmonary 
Arteriovenous Malformations 

Benico Barzilai, Alan D. Waggoner, Cheryl Spessert, Daniel 
Picus, and Daniel Goodenberger 


CONTENTS INDEX 1785 


a ee 
Cardiac Mye=zytes and Dendritic Cells Harbor Human 
Immunodeficiency Virus in Infected Patients With and 
Without Carciac Dysfunction: Detection by Multiplex, 
Nested, Polymerase Chain Reaction in Individually 
Microdissected Cells from Right Ventricular 
Endomyocartial Biopsy Tissue 

E. Rene Rodr&uez, Suhail Nasim, Judith Hsia, Ramón L. 
Sandin, Andree Ferreira, Betty A. Hilliard, Allan M. Ross, and 
Carleton T. Garrett 


EDITORIALS 


i1521 S 
Moricizine (E:hmozine HCI) — A New Antiarrhythmic 
Drug: Is It Urique? 

Philip J. Podric 


1525 

Medical, Ethical and Legal Issues Regarding 
Thrombolytic Therapy in the Jehovah’s Witness 
Jeremy Sugarnan, Larry R. Churchill, John Kevin Moore, 
and Robert A. Vaugh 


BRIEF REPORTS 


1530 

Coronary Artry Surgery in Octogenarians 

Wiliam S. Weittraub, Stephen D Clements, John Ware, 
Joseph M. Crever, Caryn L. Cohen, Ellis L. Jones, and Robert 
A. Guyton 


1534 


Prevalence ard Significance of ST-Segment Alternans 


During Coromary Angioplasty 
lan C. Gilchrisz 


1536 


Echocardiographic Documentation of Splenic Anatomy 


in Complex Cangenital Heart Disease 
Patrick W. O'Leary, James B. Seward, Donald J. Hagler, and 
A. Jamil Tajik 


1538 

Frequency of Positive Blood Cultures During 
Transesophaeeal Echocardiography 

Heinz Völler, Christoph Spielberg, Klaus Schröder, Dieter 
Gast, and Rolf Schréder 


1540 


Prevalence o? Cardiac Abnormalities Early in the 


Course of Systemic Lupus Erythematosus 
Vinay K. Bahl, Ramachandran S. Vasan, S. Aradhye, and 
Anand N. Malædya 


CASE REPOFT 


1542 


Focal Myocardial Necrosis Associated with Multiple 


Sclerosis of te Medulla 
Asma Raza-Ahmad, Virgilio Sangalang, Gerald A. Klassen, and 
C. Wiliam McCermick 


INSTRUCTICWS TO AUTHORS on page 1424 
DECEMBER £, 1991, VOL. 68, NO. 16 


A SYMPOSIUP1: STRATEGIES FOR EVALUATING 


THROMBOLY IC THERAPY: FROM PATENCY 
TO ISIS-3 


1786 THE AWERICAN JOURNAL OF CARDIOLOGY VOLUME 68 


DECEMBER 15, 1991, VOL. 68, NO. 17 
CORONARY ARTERY DISEASE 


1545 


Early Detection of Acute Myocardial tnfarction by 


Measurement of Mass Concentration of Creatine 
Kinase-MB 

Johannes Mair. Erika Artner-Dworzak, Anton Diensti, Peter 
Lechleitner, Bernhard Morass, Jörn Smidt, Ina Wagner, 
Christof Wettach, and Bernd Puschendorf 


1551 


increased Risk of Death and Cardiac Arrest from 


Encainide and Flecainide in Patients After Non-Q-Wave 
Acute Myocardial Infarction in the Cardiac Arrhythmia 
Supression Trial 

Toshio Akiyama, Yudi Pawitan, Henry Greenberg, Chien-Suu 
Kuo, Robin A. Reynolds-Haertle, and the CAST Investigators 


1556 


Comparative Quantitative Angiographic Analysis of 


Directional Coronary Atherectomy and Balloon 
Coronary Angioplasty 

Victor A. W. M. Umans, Kevin J. Beatt, Benno J. W. M. 
Rensing, Walter R. M. Hermans, Pim J. de Feyter, and 
Patrick W. Serruys, with the technical assistance of Eline 
Montauban van Swijndregt 


1564 


Clot-Selective Coronary Thrombolysis with Low-Dose 


Synergistic Combinations of Single-Chain Urokinase- 
Type Plasminogen Activator and Recombinant Tissue- 
Type Plasminogen Activator 

James M. Kirshenbaum, Raymond D. Bahr, John T. Flaherty, 
Victor Gurewicr, Herbert J. Levine, Joseph Loscaizo, Richard 
R. Schumacher, Eric J. Topol, Dennis W. Wahr, Eugene 
Braunwaid, and the Pro-Urokinase for Myocardial infarction 
Study Group 


1570 

Effectiveness of Double Bolus Alteplase in the 
Treatment of Acute Myocardial Infarction 

John A. Purvis, Tom G. Trouton, Michael J. D. Roberts, 
Pascal McKeown, Michael G. Mulholland, Gavin W. N. Dalzell, 
Carol M. Wilson. George C. Patterson, Sam W. Webb, Mazhar 
M. Khan, Norman P. S. Campbell, and A. A. Jennifer Adgey 


1575 

Relation of Technetium-99m Pyrophosphate 
Accumulation to Time Interval After Onset of Acute 
Myocardial Infarction as Assessed by a Tomographic 
Acquisition Technique 

Thomas Krause. Wolfgang Kasper, Andreas Zeiher, Carl 
Schuemichen, and Ernst Moser 


1581 


Prognostic Significance of Silent Myocardial Ischemia 


in Variant Angina Pectoris 
Raffaele Bugiarcini, Alberico Borghi, Biagio Sassone, Andrea 
Pozzati, and Paolo Puddu 


1587 


Felodipine (Once Daily) Versus Nifedipine (Four Times 


Daily) for Prinzmetal’s Angina Pectoris 

Diego Ardissino, Stefano Savonitto, Antonio Mussini, Paola 
Zanini, Alberto Folla, Paolo Barberis, Marco Sardina, and 
Giuseppe Specchia 


DECEMBER 15, 19¢1 


a 


1593 ea o şyoo 

Effects of Daily High-Intensity Exercise on Myocardial 

Perfusion in Angina Pectoris 

lain C. Todd, Michael $. Bradnam, Michael B.D. Cooke, and 
a David Ballantyne 


1600 

Silent Versus Symptomatic Ischemia During a 
Thallium-201 Exercise Test 

Mark l. Travin, Angel R. Flores, Charles A. Boucher, John B. 
Newell, and Paul J. LaRaia 


nn EE 
Experience with Low-Dose Intracoronary Recombinant 
Tissue-Type Plasminogen Activator for Nonacute Total 
Occlusions Before Percutaneous Transluminal 
Coronary Angioplasty 

Nicholas A. Ruocco, Jr., Jesse W. Currier, Alice K. Jacobs, 
Thomas J. Ryan, and David P. Faxon 


1614 

Comparison of Angiographic Findings and 

Demographic Variables in Patients with Coronary 
É Artery Disease Presenting with Acute Pulmonary 

Edema Versus Those Presenting with Chest Pain 

Susan P. Graham and George W. Vetrovec 


1619 


Significance of Signal-Averaged P-Wave Changes 


During Exercise in Patients with Coronary Artery 
Disease and Correlation with Angiographic Findings 
Michael M. Myrianthefs, Myrvin H. Ellestad, Ronald H. Startt- 
Selvester, and Randy Crump 


1625 


Assessment of Medial Thinning in Atherosclerosis by 


Intravascular Ultrasound 

Elma J. Gussenhoven, Peter A.V. Frietman, Salem H.K. The, 
Robert J. van Suylen, Frans C. van Egmond, Charles T. 
Lancée, Hero van Urk, Jos R.T.C. Roelandt, Theo Stijnen, 
and Nicolaas Bom 


1633 


: Coronary Hemodynamics and Coronary Flow Reserve 


After Intracoronary Diltiazem in Humans 
Matty C. Vrolix, Dimitris Sionis, Jan H. Piessens, Johan 
Van Lierde, Jos L. Willems, and Hilaire De Geest 


1638 

Regional Myocardial Perfusion and Metabolism 
Assessed by Positron Emission Tomography in 
Children with Kawasaki Disease and Significance of 
Abnormal Q Waves and Their Disappearance 

Muneo Yoshibayashi, Nagara Tamaki, Kenya Nishioka, 
Masahiko Matsumura, Tadashi Ueda, Shinji Temma, 
Yoshiharu Yonekura, Keiji Yamashita, Junji Konishi, and 
Haruki Mikawa 


1646 


Usefulness of the Total Cholesterol to High-Density 


Lipoprotein Cholesterol Ratio in Predicting 
Angiographic Coronary Artery Disease in Women 
Mun K. Hong, Philip A. Romm, Kathleen Reagan, Curtis E. 
Green, and Charles E Rackley 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1651 

Radiofrequency Catheter Ablation of Accessory 
Pathways: A Learning Experience 

Richard A. Leather, James W. Leitch, George J. Klein, Gerard 
M. Guiraudon, Raymond Yee, and You Ho Kim 


1656 Ge 
Reduction in Medical Care Cost Associated with 
Radiofrequency Catheter Ablation of Accessory 
Pathways 

Michael de Buitleir, Joao Sousa, Steven F. Bolling, Rafel EL 
Atassi, Hugh Calkins, Jonathan J. Langberg, Wiliam H. Kou, 
and Fred Morady 


1662 EE 
Comparative Cost-Effectiveness Analysis of Quinidine, 
Procainamide and Mexiletine 

Philip J. Podrid, Peter R. Kowey, William H. Frishman, Renée 
J. Goldberg Arnold, Diana J. Kaniecki, J. Robert Beck, and 
Joni R. Beshansky 


CONGESTIVE HEART FAILURE 


1668 ae 
Reproducibility and Relation to Mean Heart Rate of 
Heart Rate Variability in Normal Subjects and in 
Patients with Congestive Heart Failure Secondary to 
Artery Disease 
Diederik Van Hoogenhuyze, Norman Weinstein, Gary J. 
Martin, Jerry S. Weiss, John W. Schaad, X. Nader Sahyouni, 
Dan Fintel, Willem J. Remme, and Donald H. Singer 


VALVULAR HEART DISEASE 


a et E AA 
Comparison of Transthoracic and Transesophageal 
Echocardiography for Assessment of Left-Sided 
Valvular Regurgitation 

Ramon Castello, Leonard Fagan, Jr., Patricia Lenzen, 
Anthony C. Pearson, and Arthur J. Labovitz 


CONGENITAL HEART DISEASE 


1681 dE 
Pulmonary Valve-Moderator Band Distance and 
Association with Development of Double-Chambered 
Right Ventricle 

Pierre C. Wong, Stephen P. Sanders, Richard A. Jonas, 
Steven D. Colan, Ira A. Parness, Tal Geva, Richard 

Van Praagh, and Philip J. Spevak 


MISCELLANEOUS 


1687 

Acute and Long-term Effects of Nifedipine on 
Pulmonary and Systemic Hemodynamics in Patients 
with Pulmonary Hypertensien Associated with Diffuse 
Systemic Sclerosis, the CREST Syndrome and Mixed 
Connective Tissue Disease 

Martin A. Alpert, Thomas A. Pressly, Vaskar Mukerji, Charles 
R. Lambert, Basanti Mukerji, Hercules Panayiotou, and 
Gordon C. Sharp 


CONTENTS INDEX 1787 





1692 EE 
Echocardiograpaic Assessment of Left Ventricular 
Function and all Motion at High Altitude in Normal 
Subjects 

Kazuo Hirata, Toshihiko Ban, Yousuke Jinnouchi, and Shigeru 
Kubo 


1698 


Coronary Adr=nergic Hyperreactivity in Patients with 


Syndrome X eg? Abnormal Electrocardiogram at Rest 
Piero Montorsi, “ranco Fabbiocchi, Alessandro Loaldi, Luca 
Annoni, Alvise F'w-ese, Nicoletta de Cesare, and Maurizio D. 
Guazzi 


1704 


Gender Differz:-ces in Left Ventricular Anatomy, Blood 


Viscosity and “slume Regulatory Hormones in Normal 
Adults 

Giovanni de Simcne, Richard B. Devereux, Mary J. Roman, 
Antonello Gana Shu Chien, Michael H. Alderman, Steven A. 
Atlas, and Johr ~. Laragh 


1709 


Cost-Effectivezzss Analysis of the Use of Digoxin 


immune Fab(Grine) for Treatment of Digoxin Toxicity 
Josephine A. Mz-skopf and Thomas L. Wenger 


BRIEF REPORTS 


1715 


Limitations of Testing Methods for Evaluation of Dual 


Chamber Vers. Single Chamber Adaptive Rate 
Pacing 

Roy V. Jutzy, Jz=eph Florio, Dale M. Isaeff, Linda Feenstra, 
Bettye Briggs, a Paul A. Levine 


1717 


Usefulness of Esronary Angiography in Patients 


Requiring Repeat Cardiac Valve Surgery 
G. Hunter Myer= Peter M. Sapin, Michael R. Mill, and 
Avanindra Jain 


1719 EE 
Effectiveness of Balloon Percutaneous Valvuloplasty 

for Stenotic Bioprosthetic Valves in Different Positions 

Luis C. Orbe, Nicolas Sobrino, Isabel Maté, Jose Oliver, Jose 

Rico, Araceli Frutos, Francisco Dominguez, Jose M. Mesa, “| 
and Jose A. Sobr no i 


1724 EE 
Clinical Spectrum of Venous Thrombi in the Fontan 
Patient 

Scott E. Fletcher, Christopher L. Case, Derek A. Fyfe, and 
Paul C. Gillette 


1723 

Clinical Characteristics of Patients with Acute 
Pulmonary Embolism 
Paul D. Stein, He-bert A. Saltzman, and John G. Weg 


1724 EEN 
Lymphoproliferative Disorder Early After Cardiac 
Transplantation 

Debbie Rinde-Hoffman, Guillermo 8. Cintron, Jane E 
Ferguson, John C. Toole, and William B. Bugn: 


CASE REPORTS 


1726 

Appearance of or Persistence of Severe Mitral 
Regurgitation Without Left Ventricular Outflow 
Obstruction After Partial Ventricular Septal Myotomy- 
Myectomy in Hypertrophic Cardiomyopathy 

Charles Stewart Roberts, S. David Gertz, Heinrich G. Klues, 
Richard O. Cannan, Ill, Barry J. Maron, Charles L. Mcintosh, 
and William Clifford Roberts 


FROM THE EDITOR 


1729 
Alkaline Paper and Preserving the Record 
William C. Roberts 


INSTRUCTIONS TO AUTHORS on page 1580 


VOLUME INDEXES on page 1733 Lr 


1788 THE ANERICAN JOURNAL OF CARDIOLOGY VOLUME 68 DECEMBER 15, 1991 





SÉ Geer EE 


Lopid® (Gemfibrozil Capsules and Tablets} 


Before prescribing, please see full prescribing information. ` 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, peilding primary ` 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 

‘tween gemiibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 

studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed shoielithiasis and cholecystitis requiring surgery. in the other study, com- 
ducted by tne World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1¥2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the mare limited size of the Helsinki Heart Study, this result is not statistically- 
significanti different from the 29% excess mortality seen in the clofibrate group in the 
separate W-iO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in tne 1/2 years since the trial was completed was 39 in the Lopid group and 29 
in the place2zo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (Ges DOG historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
frorn malignancies were not statistically 

B different between Lopid and placebo sub- 

groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend towarc a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 35% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of galibladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectorny observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
Studies are indicated. Lopid therapy should be discontinued if galistones are found. 

» 3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. Ifa significant serum lipid response is not obtained, Lopid should 
he discontinued. 

4. Concomitant Anticoagulants—Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications, 

ev Frequent prcthrombin determinations are advisable until it has been definitely determined 

that the prothrombin level has stabilized. 

~ 5 Concomitant therapy with Lopid and Mevacor (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. in most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with ovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, includ:ng Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and ccmplaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. H 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts--Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and contro! of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions —(A) Lavastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 

. lovastatin anc gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

| (B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 

HE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
` PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 

+ DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

d Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The ingi- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
bul this increase was not Statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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- from controls in the incidence of liver tumors, but the doses tested were lower than those 


shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about! eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 3.7 times the human 
dose. These studies have revealed no evidence of impaired Iert tv in females or harm to 
the fetus due to Lopid. Minor felotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 liters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possibie risk to the patient or fetus. 

6. Nursing Mothers ~ Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypaplasia have been 
reported. Therefore, periodic blood counts are recorimended during the first 12 months 
of Lopid administration. 

8. Liver Function ~ Abnormal liver function tests nave been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children nave not been established, 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
in that study, the following adverse reactions 
were statistically more frequent.in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%): abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available) 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headacha, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the ‘WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and tast2 perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common coig, cough, urinary tract infections) were 
more common in germfibrozil-treated patients in other controlled clirical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestacic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT], increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; Im- 
munologic: angioedema, laryngeal edema, urticaria; integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility: 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middie-aged men with dyslipidemia. N Engi J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.) The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution— Federal law prohibits dispensing without prescription. 
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LeeRID is indicated for reducing the risk of coronary heart disease in type llb patients 
wahtlow HDL, in addition to elevated LOL and-riglycerides, ard who have hadan > , 
inadequate response o weight loss, diet, exercise, and other pharmacologic agen 

sth 3s bile acid sequestrants and nicotinic acid. LOPID is not indicatedforthe — 
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fed (ment of patients with low HOL cholesterol as their only lipid abnormality. | 


Reduced heart attack incidence up to 62%* 


in Hélsinki Heart Study patients whose baseline HDL was < 35 mg/dL and median .* 
ix seline LOL was 186 mg/dL.’ Incidence of serious coronary events was similar for 
PID. and placebo subgroups with baseline HDL above the median (464 mg/dL). 


Raised low HDL 25% 


—an'these Helsinki Hean Study patients. t a 


C.ontraindicated in patients with hepatic or severe renal dysfunction, including `. 
Ceman biliary cirrhosis, preexisting gallbladdet disease, or hypersensitivity to 
emfibrozil.-LOPID may increase cholesterol secretion into the bile, leading to 
olelithiasis Caution should be exercised when anticoagulants are given in 
cenjunctionwith LOPID. 
~~ 
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